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SINGLE EXPRESSION VECTOR FOR
GENERATION OF A VIRUS WITH A
SEGMENTED GENOME

GOVERNMENTAL RIGHTS

This invention was made with government support under
RO1 AI065779 awarded by the National Institutes of Health.
The government has certain rights in the invention.

FIELD OF THE INVENTION

The invention encompasses an expression vector and a
bacterial carrier. The expression vector is capable of generat-
ing a virus after being delivered into host cells. The bacterial
carrier of the invention may be utilized to deliver the expres-
sion vector into host cells. The virus produced in the host cells
from the expression vector may be either attenuated or not
attenuated.

BACKGROUND OF THE INVENTION

Influenza virus has caused three recorded pandemics. The
1918 influenza pandemic, also known as Spanish influenza,
caused at least 675,000 deaths in the U.S. alone and up to 50
million deaths worldwide (1, 34). The 1957 influenza pan-
demic caused at least 70,000 deaths in U.S. and 1-2 million
deaths worldwide (2, WHO). The 1968 influenza pandemic
caused about 34,000 deaths in U.S. and 700,000 deaths
worldwide (2, WHO). Since 2003, there were 411 human
cases and 256 deaths of avian influenza from 15 countries
(WHO). The estimated mortality is more than 60%, making
the highly pathogenic HSN1 avian influenza virus a potential
candidate for the next influenza pandemic. The economic
consequences of such a pandemic due to morbidity and health
care delivery would be staggering.

The annual economic burden of influenza epidemics is also
enormous. During a typical year in the United States, 30,000
to 50,000 persons die as a result of influenza virus infection,
and the global death toll is about 20 to 30 times higher than the
toll in this country (26). Based on the 2003 US population,
annual influenza epidemics result in an average of 610,660
life-years lost, 3.1 million hospitalized days, and 31.4 million
outpatient visits with the total direct medical costs averaging
up to $10.4 billion annually. Projected lost earnings due to
illness and loss of life amounted to $16.3 billion annually. The
total economic burden of annual influenza epidemics using
projected statistical life values amounted to $87.1 billion
(20). The aforementioned socio-economic factors make
influenza one of the critical infectious agents and hence a
vaccine to prevent the resulting pandemics is highly war-
ranted.

The three-recorded pandemics and most yearly global out-
breaks of influenza are caused by influenza A virus (3, 13, 31,
32, 35). The virus belongs to the family Orthomyxoviridae,
and contains a segmented negative-strand RNA genome.
Influenza viral RNAs (VRNAs) associate with influenza RNA
polymerase complex (PBL, PB2, PA), and nucleoprotein (NP)
to make up a set of ribonucleoproteins (RNPs) (14, 21, 25).
RNPs are both critical and essential constituents that mediate
transcription or replication of VRNA. RNP can be reconsti-
tuted in vitro by incubating purified influenza polymerase and
nucleoprotein with VRNA transcribed from template DNA
(17). The reconstituted RNP has catalytic properties very
similar to those of native viral RNP complexes. In the pres-
ence of influenza helper virus the recombinant RNP can be
amplified and packaged into virus particles in a eukaryotic
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host cell, a process commonly known as RNP transfection
(17) that also enables site-directed mutagenesis of any single
component of the influenza virus genome (8). However, the
need to select recombinant virus from the mixture of helper
viruses and low viral yield demand more sophisticated
approaches for the construction of recombinant influenza
virus for the production of vaccines that need to be modified
annually.

Effort to construct recombinant influenza virus using mod-
ern genetic tools for potential application in vaccines has
escalated since the early 1990’s. The primary objective is to
generate influenza virus from plasmid constructs that can be
transfected into a broad range of host cells to provide high
viral yields with minimum selection from helper virus. In
vivo synthesis of vVRNA-like molecules was introduced by
using RNA polymerase 1 (Pol I) dependent transcription of
viral RNA (24, 37). In a typical plasmid construct, influenza
c¢DNA is inserted precisely between the murine Pol I pro-
moter and terminator sequences. Upon transfection, VRNA
synthesized in the cells is bound by influenza polymerase and
nucleoprotein that are provided by helper viruses. However,
one major disadvantage in this technique is the cumbersome
process of selecting recombinant influenza from the mixture
containing the helper viruses. By combining intracellular
synthesis of VRNAs and proteins, two reverse genetics sys-
tems free of helper virus were established by co-transfection
0f'12-17 plasmids (9, 23). Both systems utilize eight plasmids
to encode VRNAs and four plasmids to encode three viral
polymerase subunits and a nucleoprotein. The addition of
plasmids expressing the remaining viral structural proteins
led to a substantial increase in virus production. Thus, limit-
ing the number of plasmid constructs to generate influenza
virus still remained a challenge.

The “ambisense” approach that utilizes two promoters on a
bidirectional transcription vector is the first major break-
through to reduce the number of plasmids required for virus
generation (11). In this approach, a Pol I promoter drives the
synthesis of VRNA from a cDNA template, whereas, RNA
polymerase I1 (Pol IT) promoter drives the synthesis of mRNA
from the same template in the opposite direction. A system
with eight plasmids (i.e., an eight-plasmid system) was devel-
oped using the dual promoter technique, which successfully
recovered influenza virus from Vero cells (11). A unidirec-
tional Pol I-Pol II transcription system was also reported,
however, it suffers from lower viral yield (11). A much-
improved method is the generation of influenza virus using a
three-plasmid based reverse genetics system (22). Here, one
plasmid carries eight Pol I promoter-driven vRNA transcrib-
ing cassettes, another plasmid encodes the three viral poly-
merase subunits and the third plasmid encodes the nucleopro-
tein. This three-plasmid system, although arduous to
construct, yields higher titers of influenza virus than any of
the earlier approaches (22). Use of this technique to generate
seed for influenza vaccine would thus require two plasmids
individually providing HA and NA from epidemic virus, and
three plasmid constructs together to provide the remaining
components, making it a “2+3” approach.

Vaccines are necessary to prevent influenza outbreaks. To
date, the inactivated and attenuated influenza vaccines com-
mercially available for humans are administered either by
injection or by nasal-spray. Influenza vaccine seeds are gen-
erated by DNA constructs based on reverse genetics system
using the “2+6” strategy, where the HA and NA segments are
taken from the circulating strain of influenza virus and the
remaining 6 structural segments are taken from either the high
productive strain PR8 (A/PR/8/34) or the cold-adapted strain
(e.g. A/AA/6/60) (4, 10, 12). The current technology in mak-
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ing influenza vaccines relies on using embryonated eggs,
which is time-consuming (takes up to four months), has low
viral yield and is a cumbersome procedure.

Use of bacterial species to deliver plasmid DNA encoding
viral components in the target host cell is an economical and
less cumbersome approach to develop vaccines against influ-
enza virus. However, the challenge would be to minimize the
number of plasmid constructs so that it would be much easier
to ensure the down stream processes involved in virus gen-
eration in a eukaryotic host cell.

The above-mentioned factors present a strong need for a
single plasmid system for generating influenza virus to
develop an inexpensive, ease of manufacture, quickly modi-
fiable and needle-free influenza vaccine. The present inven-
tion addresses the design of a single expression vector for
generation of virus, and a bacterial carrier based virus gen-
eration system, which could be used to develop vaccines
against corresponding viral diseases.

REFERENCE TO COLOR FIGURES

The application file contains at least one photograph
executed in color. Copies of this patent application publica-
tion with color photographs will be provided by the Office
upon request and payment of the necessary fee.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1 depicts the construction of plasmids carrying either
dual or mono-promoter elements and their derivatives. (A)
Chicken Pol I promoter (CPI) and murine Pol I terminator
(MTTI) that together comprise the Pol I promoter-terminator
system were cloned into the HindIII and Nhel sites on the
eukaryotic expression vector pcDNA3.1(-) that carries CMV
promoter and BGH terminator sequences to construct a bi-
directional dual promoter plasmid pYA4379 (SEQ ID
NO:57) or its variant pYA4380 (SEQ ID NO:58) that lacks
the CMV promoter. (B) A 720 bp long EGFP (enhanced green
fluorescent protein) gene fragment flanked on the 5' and the 3'
ends with non-translating sequences (NTS) from the M seg-
ment of WSN virus was cloned into the Aarl sites in pYA4379
(SEQ ID NO:57) and the Aarl sites in pYA4380 (SEQ ID
NO:58) to construct reporter plasmids pYA4387 and
pYA4392, respectively. Plasmid pYA4688 was constructed
by replacing CPI with Human Pol 1 promoter (HPI) in
pYA4392. Plasmids are not drawn to scale.

FIG. 2 depicts EGFP synthesis as a measure of protein and
vRNA synthesis. Chicken embryonic fibroblasts (CEFs)
transfected with pYA4387 (A); CEFs transfected with
pYA4392 and four helper plasmids pYA4337 (expressing
PB2), pYA4338 (expressing PB1), pYA4339 (expressing
PA), and pCAWS-NP (expressing NP) (B); HEK (human
embryonic kidney) 293 cells transfected with pYA4688 and
four helper plasmids pYA4337 (PB2), pYA4338 (PB1),
pYA4339 (PA) and pCAWS-NP (C). Images were taken 24 h
post transfection at 100x magnification.

FIG. 3 depicts the “eight-plasmid” system of influenza A
virus. Plasmids pYA4383, pYA4384, pYA4385, and
pYA4386 were constructed by individually cloning the PB2,
PB1, PA and NP genes into pYA4379 (SEQ ID NO: 57).
Plasmids pYA4388, pYA4389, pYA4390 and pYA4391 were
constructed by individually cloning the HA, NA, M and NS
genes into plasmid pYA4380 (SEQ ID NO: 58).
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FIG. 4 depicts the generation of the pl5A ori based T
vector. Boxed sequence depicts the T-overhang resulting
from excision of the GFP cassette with Ahdl. The T-overhang
was generated to facilititate convenient cloning of DNA frag-
ments containing an A-overhang at each 3' end (see SEQ. ID
NO: 59).

FIG. 5 depicts the step-wise construction of the 8-unit-
plasmid pYA4519 (SEQ ID NO: 60). (A) PB2, PB1, PA and
NP bi-directional cassettes (CPI and MTT in one direction,
and cytomegalovirus (CMV) promoter and bovine growth
hormone (BGH) polyA sequence in the other direction) were
amplified from pYA4379 (SEQ ID NO:57)-derived plasmids
(pYA4383, pYA4384, pYA4385, and pYA4386), and each
cassette was individually cloned into a pl5A-T vector to
obtain four 1-unit plasmids p15A-PB2, pl15A-PB1, pl5A-
PA, and p15A-NP. (B) The NS, M, NA and HA vRNA-
transcribing cassettes were amplified from pYA4380 (SEQ
ID  NO:58)-derived plasmids (pYA4391, pYA4390,
pYA4389 and pYA4388) by introducing compatible restric-
tion sites and were each cloned into a 1-unit plasmid to obtain
four 2-unit plasmids; pl5SA-PB2-NS, pl5A-PB1-M, pl5A-
PA-NA, and p15A-NP-HA. (C) Each of the two 4-unit plas-
mids p15A-PB2-NS-PB1-M and pl15A-PA-NA-NP-HA was
constructed by fusing transcribing cassettes from two of
2-unit plasmids shown in B. (D) The DNA fragment contain-
ing PA-NA-NP-HA vRNA transcribing cassettes was excised
using Kpnl and NgoMIV and ligated into the compatible sites
in the 4-unit plasmid p15A-PB2-NS-PB1-M to obtain a 23.6
kb long 8-unit-plasmid pYA4519 (SEQ ID NO:60) to tran-
scribe the whole set of influenza vRNAs via the chicken RNA
polymerase 1 promoter (CPI) and to synthesize influenza
virus RNA polymerase (PB1, PB2, PA) and nucleoprotein
(NP) by the cytomegalovirus (CMV) promoter. All constructs
carry the p15A ori of replication. Plasmids are not drawn to
scale. p15A-PBI1, polymerase B1 cDNA cassette cloned in
p15A-T vector; p15SA-PB2, polymerase B2 cDNA cassette
cloned in pl5A-T vector, p15SA-PA, polymerase A cDNA
cassette cloned in pl15A-T vector; pl15SA-NP, nucleoprotein
c¢DNA cassette cloned in p15A-T vector; HA=hemagglutinin,
NA=neuraminidase, M=matrix protein, NS=non-structural
protein.

FIG. 6 depicts the transfection efficiency of the 8-unit-
plasmid. CEFs (A and B) and HEK293 cells (E to F) cells
transfected with plasmid pYA4731 (pcDNA-mCherry; A and
E)orplasmid pYA4732 (pYA4519-mCherry; B and F). CEFs
co-transfected with pYA4732 and pYA4392. Expression of
mCherry gene (C) and EGFP gene (D) in CEFs was recorded
from the same field. HEK293 cells co-transfected with 2 pg of
pYA4732 and pYA4688 (G and H). Expression of EGFP gene
(G) and mCherry gene (H) was recorded from the same field.
Images were taken 24 h post transfection. Magnification, A to
F, 100x; G and H, 200x.

FIG. 7 depicts the 8-unit plasmid pYA4562, which is a
derivative of pYA4519 with the addition of DNA nuclear
targeting sequence (DTS) from simian virus 40 (SV40), and
NF-kB binding sequence.

FIG. 8 depicts Salmonella mediated delivery of EGFP
reporter plasmid pYA4336. A. Salmonella carriers showed
conditional growth on LB-agar plates supplementing with 50
png/ml DAP and/or 100 pg/ml DL-alanine. B. The pelleted
Salmonella carriers were resuspended in LB broth and incu-
bated at 37° C. overnight (standstill). Then, the bacterial cells
were collected by centrifugation and stained with propidium
iodide (PI) and SYTO9. The dead cells are stained in red
fluorescence. The live cells are in green fluorescence. C.
Reporter plasmid pYA4336 which only express EGFP in
animal cells. D. Plasmid pYA4336 was delivered into CEFs



US 9,163,219 B2

5

by different Sa/monella carriers. As a control, CEFs were also
incubated with a mixture of bacterial carrier 9052 and 15 ng
of pYA4336. Cell nuclei were stained with 4'-6-Diamidino-
2-phenylindole (DAPI).

FIG. 9 depicts a restriction digestion analysis of plasmid
pYA4519 after continuous passages in Salmonella strains
%9052, %9834, and %11018. The passage number is noted
above each lane. The first lane (M) contains a DNA marker for
size reference (10 kb, 8 kb, 6 kb, 5 kb, 4 kb, 3 kb, 2.5 kb, 2 kb
and 1.5 kb).

FIG. 10 depicts the 8-unit plasmid pYA4732 (pYA4519-
mCherry) and CEFs infected by 9834 carrying pYA4732. As
a control, CEFs were also infected by %9834 carrying
pYA4731. Cell nuclei were stained with 4'-6-Diamidino-2-
phenylindole (DAPI).

FIG. 11 depicts a 96-well plate for measuring TCID;,, of
influenza virus rescued from cocultured CEFs/MDCK (Ma-
din-Darby canine kidney) cells by infection with Salmonella
Typhimurium carrying pYA4519 or pYA4562.

FIG. 12 depicts the 8-unit plasmids carrying HA and NA
genes from influenza A virus (A/chicken/TX/167280-4/02
(H5N3). The chloramphenicol resistance marker (cat) and
kanamycin resistance marker (kan) in plasmid pYA4929 (A)
were replaced with aro A cassette derived from pYA4784. The
resulting plasmid is designated as pYA4930 (B).

FIG. 13 depicts plasmids pYA3681, pYA4594, pYA4589
and pYA4595. These plasmids express both asd and murA
genes under the regulation of the araC Py ,,, activator-pro-
moter.

DETAILED DESCRIPTION OF THE INVENTION

A single expression vector capable of generating an attenu-
ated virus from a segmented genome has been developed. An
auxotrophic bacterial carrier can carry and deliver this
expression vector into in vitro cultured cells, resulting in the
recovery of virus, either attenuated or non-attenuated. The
invention greatly simplifies the process of producing viruses
that have segmented genomes, which historically have
required transfection of multiple expression vectors for
VRNA expression, in addition to vectors for expressing
mRNAs for translation to viral replication proteins. Advan-
tageously, as illustrated in the examples, the expression vec-
tor is stable in bacteria at 37° C., and produces higher titers of
virus than traditional multi-vector systems when transfected
into eukaryotic cells. This invention also demonstrates that
bacterial carrier mediated delivery of such an expression vec-
tor can lead to the generation of virus. Therefore, this inven-
tion provides a system for bacterial carrier based delivery of
attenuated viral vaccines with advantages of low cost, ease of
manufacture, flexibility in introducing desired alterations,
and finally, needle-free administration.

1. Expression Vector

The expression vector generally comprises a plasmid hav-
ing at least two types of transcription cassettes. One transcrip-
tion cassette is designed for VRNA production. The other
transcription cassette is designed for the production of both
vRNAs, and mRNAs. As will be appreciated by a skilled
artisan, the number of transcription cassettes, and their place-
ment within the vector relative to each other, can and will vary
depending on the segmented virus that is produced. Each of
these components of the expression vector is described in
more detail below.

The expression vector may be utilized to produce several
different segmented and nonsegmented viruses. Viruses that
may be produced from the expression vector include positive-
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sense RNA viruses, negative-sense RNA viruses and double-
stranded RNA (ds-RNA) viruses.

In one embodiment, the virus may be a positive-sense RNA
virus. Non-limiting examples of positive-sense RNA virus
may include viruses of the family Arteriviridae, Caliciviridae,
Coronaviridae, Flaviviridae, Picornaviridae, Roniviridae,
and Togaviridae. Non-limiting examples of positive-sense
RNA viruses may include SARS-coronavirus, Dengue fever
virus, hepatitis A virus, hepatitis C virus, Norwalk virus,
rubella virus, West Nile virus, Sindbis virus, Semliki forest
virus and yellow fever virus.

In one embodiment, the virus may be a double-stranded
RNA virus. Non-limiting examples of segmented double-
stranded RNA viruses may include viruses of the family
Reoviridae and may include aquareovirus, blue tongue virus,
coltivirus, cypovirus, fijivirus, idnoreovirus, mycoreovirus,
orbivirus, orthoreovirus, oryzavirus, phytoreovirus, rotavi-
rus, infectious bursal disease virus and seadornavirus.

In yet another embodiment, the virus may be a negative-
sense RNA virus. Negative-sense RNA viruses may be
viruses belonging to the families Orthomyxoviridae, Bun-
yaviridae, and Arenaviridae with six-to-eight, three, or two
negative-sense VRNA segments, respectively. Non-limiting
examples of negative-sense RNA viruses may include thogo-
tovirus, isavirus, bunyavirus, hantavirus, nairovirus, phlebo-
virus, tospovirus, tenuivirus, ophiovirus, arenavirus, deltavi-
rus and influenza virus.

In another aspect, the invention provides an expression
vector capable of generating influenza virus. There are three
known genera of influenza virus: influenza A virus, influenza
B virus and influenza C virus. Each of these types of influenza
viruses may be produced utilizing the single expression vec-
tor of the invention.

In one exemplary embodiment, the expression vector is
utilized to produce Influenza A virus. Influenza A viruses
possess a genome of 8 VRNA segments, including PA, PB1,
PB2, HA, NP, NA, M and NS, which encode a total of ten to
eleven proteins. To initiate the replication cycle, vVRNAs and
viral replication proteins must form viral ribonucleoproteins
(RNPs). The influenza RNPs consist of the negative-sense
viral RNAs (VRNAs) encapsidated by the viral nucleoprotein,
and the viral polymerase complex, which is formed by the PA,
PB1 and PB2 proteins. The RNA polymerase complex cata-
lyzes three different reactions: synthesis of an mRNA with a
5' cap and 3' polyA structure essential for translation by the
host translation machinery; a full length complementary
RNA (cRNA), and of genomic vRNAs using the cRNAs as a
template. Newly synthesized vVRNAs, NP and, PB1, PB2 and
PA polymerase proteins are then assembled into new RNPs,
for further replication or encapsidation and release of prog-
eny virus particles. Therefore, to produce influenza virus
using a reverse genetics system, all 8 vVRNAs and mRNAs that
express the viral proteins essential for replication (NP, PB1,
PB1 and PA), must be synthesized. The expression vector of
the invention may be utilized to produce all of these vVRNAs
and mRNAs.

The expression vector may also be utilized to produce any
serotype of influenza A virus without departing from the
scope of the invention. Influenza A viruses are classified into
serotypes based upon the antibody response to the viral sur-
face proteins hemagglutinin (HA or H) encoded by the HA
vRNA segment, and neuraminidase (NA or N) encoded by the
NA vRNA segment. At least sixteen H subtypes (or sero-
types) and nine N subtypes of influenza A virus have been
identified. New influenza viruses are constantly being pro-
duced by mutation or by reassortment of the 8 vVRNA seg-
ments when more than one influenza virus infects a single
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host. By way of example, known influenza serotypes may
include HIN1, HIN2, H2N2, H3N1, H3N2, H3N8, H5N1,
H5N2, H5N3, HSNS, H5N9, H7N1, H7N2, H7N3, H7N4,
H7N7, HON2, and H10N7 serotypes.
(a) Vector

The expression vector of the invention comprises a vector.
As used herein, “vector” refers to an autonomously replicat-
ing nucleic acid unit. The present invention can be practiced
with any known type of vector, including viral, cosmid, phas-
mid, and plasmid vectors. The most preferred type of vector is
a plasmid vector. As is well known in the art, plasmids and
other vectors may possess a wide array of promoters, multiple
cloning sequences, and transcription terminators.

The vector may have a high copy number, an intermediate
copy number, or alow copy number. The copy number may be
utilized to control the expression level for the transcription
cassettes, and as a means to control the expression vector’s
stability. In one embodiment, a high copy number vector may
be utilized. A high copy number vector may have at least 31,
35,40, 45, 50, 55, 60, 65,70, 75, 80, 85, 90, 95, or 100 copies
per bacterial cell. In other embodiments, the high copy num-
ber vector may have at least 100, 125, 150, 175,200, 225, 250,
275, 300, 325, 350, 375, or 400 copies per bacterial cell.
Non-limiting examples of high copy number vectors may
include a vector comprising the pBR ori or the pUC ori. In an
alternative embodiment, a low copy number vector may be
utilized. For example, a low copy number vector may have
one or at least two, three, four, five, six, seven, eight, nine, or
ten copies per bacterial cell. A non-limiting example of low
copy number vector may be a vector comprising the pSC101
ori. In an exemplary embodiment, an intermediate copy num-
ber vector may be used. For instance, an intermediate copy
number vector may have atleast 10, 11, 12,13, 14,15, 16,17,
18, 19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, or 30 copies per
bacterial cell. A non-limiting example of an intermediate
copy number vector may be a vector comprising the p1 SA ori.

The vector may further comprise a selectable marker. Gen-
erally speaking, a selectable marker encodes a product that
the host cell cannot make, such that the cell acquires resis-
tance to a specific compound or is able to survive under
specific conditions. For example, the marker may code for an
antibiotic resistance factor. Suitable examples of antibiotic
resistance markers include, but are not limited to, those cod-
ing for proteins that impart resistance to kanamycin, specto-
mycin, neomycin, gentamycin (G418), ampicillin, tetracy-
cline, and chlorampenicol. However, use of selective markers
for drug resistance is undesirable for live attenuated bacterial
vaccines and delivery systems and is also undesirable for
DNA vaccines. Thus in still other cases, the vector might
preferably have selectable Asd*, MurA*, AroA*, DadB*,
Alr*, AroC*, AroD™, IlvC* and/or IIVE* when the expression
vector is used in a balanced-lethal or balanced-attenuation
vector-host system when present in and delivered by carrier
bacteria.

In some embodiments, the vector may also comprise a
transcription cassette for expressing non-viral reporter pro-
teins. By way of example, reporter proteins may include a
fluorescent protein, luciferase, alkaline phosphatase, beta-
galactosidase, beta-lactamase, horseradish peroxidase, and
variants thereof.

In some embodiments, the vector may also comprise a
DNA nuclear targeting sequence (DTS). A non-limiting
example of a DTS may include the SV40 DNA nuclear tar-
geting sequence.

In some embodiments, the vector may also comprise a
NF-xB binding site. The SV40 DTS and NF-kB binding
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sequence facilitate nuclear import of the plasmid DNA, and
this facilitates transcription of genetic sequences on the vec-
tor.

(b) Transcription Cassettes for VRNAs Expression

The expression vector comprises at least one transcription
cassette for VRNA production. Generally speaking, the tran-
scription cassette for VRNA production minimally comprises
a Pol I promoter operably linked to a viral cDNA linked to a
Pol I transcription termination sequence. In an exemplary
embodiment, the transcription cassette will also include a
nuclear targeting sequence. The number of transcription cas-
settes for VRNA production within the expression vector can
and will vary depending on the virus that is produced. For
example, the expression vector may comprise two, three,
four, five, six, seven, or eight or more transcription cassettes
for vRNA production. When the virus that is produced is
influenza, the expression cassette typically will comprise four
transcription cassettes for VRNA production.

The term “viral cDNA”, as used herein, refers to a copy of
deoxyribonucleic acid (¢cDNA) sequence corresponding to a
VRNA segment of an RNA virus genome. cDNA copies of
viral RNA segments may be derived from vRNAs using stan-
dard molecular biology techniques known in the art (see, e.g.,
Sambrook et al. (1989) “Molecular Cloning: A Laboratory
Manual,” 2nd Ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, and Knipe et al (2006) “Fields Virol-
ogy”, Fifth Edition, Lippincott Williams & Wilkins (2007). In
some embodiments, the cDNA may be derived from a natu-
rally occurring virus strain or a virus strain commonly used in
vitro. In other embodiments, the cDNA may be derived syn-
thetically by generating the cDNA sequence in vitro using
methods known in the art. The natural or synthetic cDNA
sequence may further be altered to introduce mutations and
sequence changes. By way of example, a naturally occurring
viral sequence may be altered to attenuate a virus, to adapt a
virus for in vitro culture, or to tag the encoded viral proteins.

The selection of promoter can and will vary. The term
“promoter”, as used herein, may mean a synthetic or naturally
derived molecule that is capable of conferring, activating or
enhancing expression of a nucleic acid. A promoter may
comprise one or more specific transcriptional regulatory
sequences to further enhance expression and/or to alter the
spatial expression and/or temporal expression of a nucleic
acid. The term “operably linked,” as used herein, may mean
that expression of a nucleic acid is under the control of a
promoter with which it is spatially connected. A promoter
may be positioned 5' (upstream) of the nucleic acid under its
control. The distance between the promoter and a nucleic acid
to be expressed may be approximately the same as the dis-
tance between that promoter and the nucleic acid sequence it
controls. As is known in the art, variation in this distance may
be accommodated without loss of promoter function. The
promoters may be of viral, prokaryotic, phage or eukaryotic
origin. Non-limiting examples of promoters may include T7
promoter, T3 promoter, SP6 promoter, RNA polymerase |
promoter and combinations thereof. In some embodiments,
the promoters may be different in each transcription cassette.
In preferred embodiments, the promoters may be the same in
each transcription cassette. In preferred alternatives of this
embodiment, the promoters may be RNA polymerase I (PolI)
promoters. In an exemplary alternative of this embodiment,
the promoters may be human Pol I promoters. In another
exemplary alternative of this embodiment, the promoters may
be chicken Pol I promoters. In a further exemplary alternative
of'this embodiment, the promoters are human Pol I promoters
as described in Example 1. In another exemplary alternative
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of this embodiment, the promoters are chicken Pol I promot-
ers as described in Example 1.

The promoter may be operably linked to the cDNA to
produce a negative-sense VRNA or a positive-sense cRNA. In
an exemplary alternative of this embodiment, the promoter
may be operably linked to the cDNA to produce a negative-
sense VRNA.

The transcription cassette also includes a terminator
sequence, which causes transcriptional termination at the end
of the viral ¢cDNA sequence. By way of a non-limiting
example, terminator sequences suitable for the invention may
include a Pol I terminator, the late SV40 polyadenylation
signal, the CMV polyadenylation signal, the bovine growth
hormone polyadenylation signal, or a synthetic polyadenyla-
tion signal. In some embodiments, the terminators may be
different in each transcription cassette. In a preferred embodi-
ment, the terminators may be the same in each transcription
cassette. In one alternative of this embodiment, the Pol 1
terminator may be a human Pol I terminator. In an exemplary
embodiment, the terminator is a murine Pol I terminator. In an
exemplary alternative of this embodiment, the terminator
sequence of the expression cassettes may be a truncated ver-
sion of the murine Pol I terminator as described in Example 1.

To function properly during replication, VRNAs tran-
scribed from the transcription cassettes generally have pre-
cise 5'and 3' ends that do not comprise an excess of non-virus
sequences. Depending on the promoters and terminators
used, this may be accomplished by precise fusion to promot-
ers and terminators or, by way of example, the transcription
cassette may comprise ribozymes at the ends of transcripts,
wherein the ribozymes cleave the transcript in such a way that
the sequences of the 5' and 3' termini are generated as found
in the VRNA.

As will be appreciated by a skilled artisan, when the
expression vector produces influenza virus, the expression
vector may comprise at least one transcription cassette for
VRNA production. The transcription cassette may be selected
from the group consisting of (1) a Pol I promoter operably
linked to an influenza virus HA c¢cDNA linked to a Pol I
transcription termination sequence; (2) a Pol I promoter oper-
ably linked to an influenza virus NA ¢cDNA linked to a Pol I
transcription termination sequence; (3) a Pol I promoter oper-
ably linked to an influenza virus M ¢cDNA linked to a Pol |
transcription termination sequence; and (4) a Pol I promoter
operably linked to an influenza virus NS ¢cDNA linked to a Pol
I transcription termination sequence. The expression vector
may comprise at least 2, 3, or 4 of these transcription cas-
settes. In an exemplary embodiment, the expression vector
will also include either one or two different nuclear targeting
sequences (e.g., SV40 DTS and NF-kB binding sequence).

In an exemplary embodiment when the expression vector
produces influenza virus, the expression vector will comprise
four transcription cassettes for VRNA production. The tran-
scription cassettes for this embodiment will comprise (1) a
Pol I promoter operably linked to an influenza virus HA
c¢DNA linked to a Pol I transcription termination sequence;
(2) a Pol I promoter operably linked to an influenza virus NA
c¢DNA linked to a Pol I transcription termination sequence;
(3) a Pol I promoter operably linked to an influenza virus M
c¢DNA linked to a Pol I transcription termination sequence;
and (4) a Pol I promoter operably linked to an influenza virus
NS ¢DNA linked to a Pol I transcription termination
sequence. In an exemplary embodiment, the expression vec-
tor will also include either one or two different nuclear tar-
geting sequences (e.g., SV40 DTS and NF-kB binding
sequence).
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(c) Transcription Cassettes for VRNA and mRNA Expression

The expression vector comprises at least one transcription
cassette for VRNA and mRNA production. Typically, the
transcription cassette for VRNA and mRNA production mini-
mally comprises a Pol I promoter operably linked to a viral
c¢DNA linked to a Pol I transcription termination sequence,
and a Pol II promoter operably linked to the viral cDNA and
a Pol 11 transcription termination sequence. In an exemplary
embodiment, the transcription cassette will also include a
nuclear targeting sequence. The number of transcription cas-
settes for VRNA and mRNA production within the expression
vector can and will vary depending on the virus that is pro-
duced. For example, the expression vector may comprise two,
three, four, five, six, seven, or eight or more transcription
cassettes for VRNA and mRNA production. When the virus
that is produced is influenza, the expression cassette typically
may comprise four transcription cassettes for vVRNA and
mRNA production.

The viral cDNA, Pol I promoter and Pol I terminator suit-
able for producing vRNA is as described above in section (b).

For mRNA production, each transcription cassette com-
prises a Pol I promoter operably linked to cDNA and a Pol 11
termination sequence. Non-limiting examples of promoters
may include the cytomegalovirus (CMV) promoter, Rous
sarcoma virus (RSV) promoter, simian virus 40 (SV40) early
promoter, ubiquitin C promoter or the elongation factor 1
alpha (EF1a) promoter. In some embodiments, the promoters
may be different in each transcription cassette. In preferred
embodiments, the promoters may be the same in each tran-
scription cassette. In preferred alternatives of this embodi-
ment, the promoters may be the CMV Pol II promoter. In an
exemplary alternative of this embodiment, the promoters are
CMYV Pol II promoters as described in Example 1.

Each transcription cassette also comprises a Pol II termi-
nator sequence. By way of non-limiting example, terminator
sequences suitable for the invention may include the late
SV40 polyadenylation signal, the CMV polyadenylation sig-
nal, the bovine growth hormone (BGH) polyadenylation sig-
nal, or a synthetic polyadenylation signal. In some embodi-
ments, the terminators may be different in each transcription
cassette. In a preferred embodiment, the terminators may be
the same in each transcription cassette. In an exemplary
embodiment, the terminator is a BGH polyadenylation signal.
In an exemplary alternative of this embodiment, the termina-
tor sequence of the expression cassettes may be a truncated
version of the BGH polyadenylation signal as described in
Example 1.

To function properly in initiating vVRNA replication,
mRNAs transcribed from the transcription cassettes may con-
tain signals for proper translation by the host cell translation
machinery. Most cellular mRNAs transcribed from a Pol 11
promoter are capped at the 5' end and polyadenylated at the 3'
end after transcription to facilitate mRNA translation. How-
ever, some cellular nRNAs and many viral mRNAs encode
other sequences that facilitate translation of the mRNA in the
absence of a 5' cap structure or 3' poly A structure. By way of
example, some cellular mRNAs and viral mRNAs may
encode an internal ribosomal entry site (IRES), which could
functionally replace the 5' cap. By way of another example,
some mRNAs and viral mRNAs may encode an RNA struc-
ture, such as a pseudoknot, at the 3' end of the mRNA, which
could functionally replace the 3' polyA. In an exemplary
embodiment, the mRNAs transcribed from the transcription
cassettes are capped at the 5' end and polyadenylated at the 3'
end.

As will be appreciated by a skilled artisan, when the
expression vector produces influenza virus, the expression
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vector may comprise at least one transcription cassette for
VRNA and mRNA production. The transcription cassette may
be selected from the group consisting of (1) a Pol I promoter
operably linked to an influenza virus PA ¢cDNA linked to a Pol
I transcription termination sequence and a Pol II promoter
operably linked to the PA ¢cDNA and a Pol II transcription
termination sequence; (2) a Pol I promoter operably linked to
an influenza virus PB1 ¢cDNA linked to a Pol I transcription
termination sequence and a Pol Il promoter operably linked to
the PB1 ¢DNA and a Pol II transcription termination
sequence; (3) a Pol I promoter operably linked to an influenza
virus PB2 ¢cDNA linked to a Pol I transcription termination
sequence and a Pol II promoter operably linked to the PB2
c¢DNA and a Pol II transcription termination sequence; and
(4) a Pol I promoter operably linked to an influenza virus NP
c¢DNA linked to a Pol I transcription termination sequence
and a Pol II promoter operably linked to the NP ¢cDNA and a
Pol II transcription termination sequence. The expression
vector may comprise at least 2, 3, or 4 of these transcription
cassettes. In an exemplary embodiment, the expression vector
will also include either one or two different nuclear targeting
sequences (e.g., SV40 DTS or NF-kB binding sequence).

In an exemplary embodiment when the expression vector
produces influenza virus, the expression vector will comprise
four transcription cassettes for VRNA and mRNA production.
The transcription cassettes for this embodiment will comprise
(1) a Pol I promoter operably linked to an influenza virus PA
c¢DNA linked to a Pol I transcription termination sequence
and a Pol II promoter operably linked to the PA ¢cDNA and a
Pol Il transcription termination sequence; (2) a Pol I promoter
operably linked to an influenza virus PB1 cDNA linked to a
PolItranscription termination sequence and a Pol IT promoter
operably linked to the PB1 ¢cDNA and a Pol II transcription
termination sequence; (3) a Pol I promoter operably linked to
an influenza virus PB2 ¢cDNA linked to a Pol I transcription
termination sequence and a Pol Il promoter operably linked to
the PB2 ¢DNA and a Pol II transcription termination
sequence; and (4) a Pol 1 promoter operably linked to an
influenza virus NP ¢DNA linked to a Pol I transcription ter-
mination sequence and a Pol II promoter operably linked to
the NP cDNA and a Pol Il transcription termination sequence.
In an exemplary embodiment, each expression plasmid con-
struct will also include either one or two different nuclear
translocation signals (e.g., SV40 DTS or NF-kB binding
sequence).
(d) Exemplary Expression Vectors

In an exemplary iteration of the invention, a single expres-
sion vector will comprise all of the genomic segments neces-
sary for the production of influenza virus in a host cell. As
detailed above, for the production of influenza virus HA, NA,
NS, and M vRNA must be produced and PA, PB1, PB2, and
NP vRNA and mRNA must be produced. For this iteration,
the expression vector will comprise four transcription cas-
settes for VRNA production and four transcription cassettes
for vRNA and mRNA production. The four cassettes for
VRNA production will comprise (1) a Pol I promoter operably
linked to an influenza virus HA c¢cDNA linked to a Pol I
transcription termination sequence; (2) a Pol I promoter oper-
ably linked to an influenza virus NA ¢cDNA linked to a Pol I
transcription termination sequence; (3) a Pol I promoter oper-
ably linked to an influenza virus M ¢cDNA linked to a Pol |
transcription termination sequence; and (4) a Pol I promoter
operably linked to an influenza virus NS ¢cDNA linked to a Pol
I transcription termination sequence. The four transcription
cassettes for VRNA and mRNA production will comprise (1)
a Pol I promoter operably linked to an influenza virus PA
c¢DNA linked to a Pol I transcription termination sequence
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and a Pol II promoter operably linked to the PA ¢cDNA and a
Pol Il transcription termination sequence; (2) a Pol I promoter
operably linked to an influenza virus PB1 ¢DNA linked to a
Pol I transcription termination sequence and a Pol IT promoter
operably linked to the PB1 ¢cDNA and a Pol II transcription
termination sequence; (3) a Pol I promoter operably linked to
an influenza virus PB2 ¢cDNA linked to a Pol I transcription
termination sequence and a Pol II promoter operably linked to
the PB2 ¢DNA and a Pol II transcription termination
sequence; and (4) a Pol 1 promoter operably linked to an
influenza virus NP ¢DNA linked to a Pol I transcription ter-
mination sequence and a Pol II promoter operably linked to
the NP cDNA and a Pol Il transcription termination sequence.
The expression vector will preferably also include either one
or two different nuclear translocation signals (e.g., SV40
DTS or NF-«B binding sequence). In an exemplary embodi-
ment, the vector is a plasmid. The plasmid will generally be a
low or intermediate copy number plasmid. A particularly
exemplary expression vector for this embodiment is detailed
in the Examples.

The arrangement and direction of transcription cassettes
within the single expression vector relative to each other can
and will vary without departing from the scope of the inven-
tion. It is believed, however, without being bound by any
particular theory that arrangement of transcription cassettes
in pairs of VRNA cassettes and VRNA and mRNA cassettes is
preferable because it may reduce the degree of recombination
and as a result, yield an expression vector with increased
genetic stability.

Itis also envisioned that in certain embodiments, influenza
genomic segments may be produced from more than a single
expression vector without departing from the scope of the
invention. The genomic segments may be produced, for
example, from 2, 3, or 4 or more different expression vectors.
In an iteration of this embodiment, NS, and M vRNA, and PA,
PB1, PB2, and NP vRNA and mRNA are produced from a
single expression vector. For this iteration, the expression
vector will comprise two transcription cassettes for vVRNA
production and four transcription cassettes for VRNA and
mRNA production. The two transcription cassettes for VRNA
production will comprise (1) a Pol I promoter operably linked
to an influenza virus M cDNA linked to a Pol I transcription
termination sequence; and (2) a Pol I promoter operably
linked to an influenza virus NS cDNA linked to a Pol I
transcription termination sequence. The four transcription
cassettes for VRNA and mRNA production will comprise (1)
a Pol I promoter operably linked to an influenza virus PA
c¢DNA linked to a Pol I transcription termination sequence
and a Pol II promoter operably linked to the PA ¢cDNA and a
Pol Il transcription termination sequence; (2) a Pol I promoter
operably linked to an influenza virus PB1 ¢DNA linked to a
Pol I transcription termination sequence and a Pol IT promoter
operably linked to the PB1 ¢cDNA and a Pol II transcription
termination sequence; (3) a Pol I promoter operably linked to
an influenza virus PB2 ¢cDNA linked to a Pol I transcription
termination sequence and a Pol II promoter operably linked to
the PB2 ¢DNA and a Pol II transcription termination
sequence; and (4) a Pol 1 promoter operably linked to an
influenza virus NP ¢DNA linked to a Pol I transcription ter-
mination sequence and a Pol II promoter operably linked to
the NP cDNA and a Pol Il transcription termination sequence.
The expression of HA vRNA and NA vRNA may be from a
single expression vector that comprises two transcription cas-
settes comprising (1) a Pol I promoter operably linked to an
influenza virus HA ¢DNA linked to a Pol I transcription
termination sequence; and (2) a Pol I promoter operably
linked to an influenza virus NA ¢cDNA linked to a Pol I
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transcription termination sequence. Alternatively, expression
of HA vRNA and NA vRNA may be from two separate
expression vectors.

In some embodiments, restriction digestion sites may be
placed at convenient locations in the expression vector. By
way of example, restriction enzyme sites placed at the
extremities of the cDNAs may be used to facilitate replace-
ment of cDNA segments to produce a desired reassortment or
strain of the virus. By way of another example, restriction
enzyme sites placed at the extremities of the transcription
cassettes may be used to facilitate replacement of transcrip-
tion cassettes to produce a desired reassortment or strain of
the virus. Suitable, endonuclease restriction sites include sites
that are recognized by restriction enzymes that cleave double-
stranded nucleic acid. By way of non-limiting example, these
sites may include Aarl, Accl, Agel, Apa, BamHI, Bgll, BglIl,
BsiWI, BssHI, BstBI, Clal, CviQL, Ddel, Dpnl, Dral, Eagl,
EcoRlI, EcoRYV, Fsel, Fspl, Haell, Haelll, Hhal, HincIl, Hin-
dIIL, Hpal, Hpall, Kpnl, Kspl, Mbol, Mfel, Nael, Narl, Ncol,
Ndel, NgoMIV, Nhel, Notl, Pacl, Phol, Pmll, Pstl, Pvul,
Pvull, Sacl, Sacll, Sall, Sbfl, Smal, Spel, Sphl, Srfl, Stul,
Taqgl, Tfil, Tlil, Xbal, Xhol, Xmal, Xmnl, and Zral. In an
exemplary alternative of this embodiment, the restriction
enzyme site may be Aarl.

1I. Bacterial Carrier

An additional aspect of the invention comprises a bacterial
carrier that can carry and deliver the expression vector
described in Section I into a host cell. The host cell may be in
vitro (i.e., cultured cells) or in vivo (e.g., an animal) as
described in more detail in section III below. The bacterial
carrier is typically auxotrophic and may be either a Gram-
positive bacterium or Gram-negative bacterium. In this con-
text, the bacterial carrier generally carries at least one gene
mutation for an auxotrophic phenotype to enable intracellular
release of the expression vector, and at least one gene muta-
tion to enable stable carriage of the expression vector and at
least one mutation to impose appropriate attenuation and for
other desirable phenotypes such as for escaping the endo-
some in a eukaryotic cell. Additionally, the bacterial carrier
may be a live bacterium or a bacterial ghost. In addition, the
bacterial carrier may be attenuated. The bacterial carrier may
also carry additional plasmid vectors for better invasion effi-
ciency or for regulated delayed lysis in vivo. Preferably, the
bacterial carrier is sensitive to all antimicrobial drugs includ-
ing antibiotics that might be useful in treating infections with
wild-type variants of the particular bacterial carrier being
used to deliver the plasmid vector to eukaryotic cells.

As will be appreciated by a skilled artisan, the bacterial
carrier may be utilized to deliver a single expression vector or
to deliver multiple expression vectors. The single expression
vector may encode information for generation of a segmented
virus or non-segmented virus; for instance, the expression
vector can encode 8 VRNAs, 3 polymerase subunits and
nucleoprotein of influenza virus.

Alternatively, the bacterial carrier may be utilized to
deliver multiple expression vectors. For example, one p15A
ori based expression vector encodes PB2, PB1, PA and NP
genes, and the other pBR ori based expression vector encodes
HA, NA, M and NS genes.

In yet another embodiment, the bacterial carrier may be
utilized to deliver an expression vector for virus generation.
For example, the expression vector pYA4519 encodes 8
vRNAs, 3 polymerase subunits and nucleoprotein of influ-
enza virus.

In one embodiment, the bacterial carrier may be utilized to
deliver an expression vector in vitro. For instance, the expres-
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sion vector encodes 8 VRNAs, 3 polymerase subunits and
nucleoprotein of influenza virus.

In an alternative embodiment, the bacterial carrier may be
utilized to deliver an expression vector in vivo. For example,
oral administration with an auxotrophic, attenuated Salmo-
nella Typhimurium carrying pYA4930 designed for regulated
delayed lysis to deliver pYA4930 into avians.

In one embodiment, the bacterial carrier may be utilized to
deliver an expression vector to humans. By way of non-
limiting example, the expression vector encodes HA and NA
from epidemic influenza virus, and the other 6 segments from
cold-adapted influenza virus (e.g. A/AA/6/60). The polybasic
cleavage site in HA will be removed to avoid the generation of
reassortant virulent virus in the host. In this embodiment, the
vRNAs transcription is regulated by human RNA Pol I pro-
moters, and the transcription of mRNAs is regulated by CMV
promoters.

In another embodiment, the bacterial carrier may be uti-
lized to deliver expression vectors into other animals. For
example, the expression vector encodes HA and NA from a
highly pathogenic avian influenza virus (polybasic cleavage
site in HA will be removed to avoid the generation of reas-
sortant virulent virus in the host), and the other 6 segments
from a cold-adapted influenza virus (e.g. A/AA/6/60).

In each of the foregoing embodiments, the bacterial carrier
may be designed to have host-specificity for and be utilized
for primates (e.g., humans, monkeys, chimpanzies etc), poul-
try (e.g., chickens, turkeys, ducks, geese and other fowl),
ruminants (e.g., beef cattle, dairy cattle, and sheep, etc), pigs,
and companion animals (e.g., horses, dogs, cats, and other
pets).

As will be appreciated by a skilled artisan, suitable bacte-
rial carriers may comprise several different bacterial strains to
the extent the bacterial strain is capable of maintaining and
delivering an expression vector to a host cell. By way of
non-limiting example, the bacterial strain may be Gram-
negative bacteria, including Salmonella spp., Shigella spp,
Yersinia spp., and engineered Escherichia coli expressing an
invasin gene. In a preferred alternative of this embodiment,
the bacterium may be a Salmonella enterica serovar. In one
alternative of this embodiment, the bacterium may be a Sal-
monella enterica serovar Abortusovis. In another alternative
of this embodiment, the Salmonella bacterium may be Sal-
monella enterica serovar Typhi. In a preferred embodiment,
the bacterium may be a Salmonella enterica serovar Typh-
imurium (Salmonella Typhimurium). In an exemplary alter-
native of this embodiment, the Salmonella Typhimurium
strain is 9052 (Aasd A33 Aalr-3 AdadB4). In other exemplary
alternatives of this embodiment, the Sa/monella Typhimu-
rium strain is ¥ 11017 (AasdA27::TT araC Pz, c2 Aara-
BAD23 A(gmd-fcl)-26 Apmi-2426 ArelA198::TT araC Pz,
lacl AP, »s::araC Pg, , murA) or % 11327 (AasdA27::TT
araC Py, €2 AP,,,,,.455:TT araC Py, murA AaraBAD23
A(gmd-fcl)-26 ArelA198::araC Py, lacl TTApmi-2426
AtlpA181 Assel.116 APy, ,::P,,. azacosss hilA AsifA26).

In an alternative of this embodiment, the Salmonelia Typh-
imurium strains may also comprise deletions of the bacterial
nucleic acid sequences recA62, recF126 or both. In an alter-
native of this embodiment, the Salmonella Typhimurium
strains may also comprise a deletion of the bacterial nucleic
acid sequence for the aroA gene to result in the aroA21419
mutation.

Alternatively, the bacterial strain may be Gram-positive
bacteria. By way of non-limiting example, one suitable
Gram-positive bacterium is Listeria monocytogenes.

In certain embodiments, the bacterial carrier may be
attenuated. By way of example, the bacterial carrier may be
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live bacteria with appropriate attenuation due to a phoP muta-
tion or other means of attenuation if the carrier is derived from
a pathogenic bacterium capable of causing disease. In yet
another embodiment, the bacterial carrier may be bacteria
with a regulated delayed lysis genotype, such as araC Py,
promoter regulated expression of the murA gene. The live
bacteria carrying an expression vector may be induced to
express a phage lysis gene E or some other lysis gene to form
bacterial ghosts.

In an alternative embodiment, the bacterial carrier may
carry a mutation in at least one gene for an auxotrophic
phenotype. For example, these genes include, but are not
limited to aroA, aroC, aroD, llvC, llvE, asd, murA, dadB, and
alr.

In certain embodiments to facilitate stable carriage of an
expression vector with repetitive sequences, either recA or
recF gene inactivation may be included to reduce either intra-
or inter-plasmid recombination.

In certain embodiments the bacterial carrier may carry a
sifA mutation to facilitate escape from the endosome.

In other embodiments the bacterial carrier may carry an
endA mutation to minimize chances of endonuclease diges-
tion of the expression vector.

Several methods generally known in the art utilized to
attenuate a bacterial carrier may be employed without depart-
ing from the scope of the invention. Suitable non-limiting
examples of such attenuation means include gene mutations
in phoP, phoQ, cya, crp, cdt, an aro gene, asd, a dap gene,
dadB and alr, murA, nadA, pncB, rpsL, ilvE, rpoS, ompR,
htrA, rfc, poxA, dam, hemA, sodC, recA, ssrA, sirA, inv,
hilA, rpoE, figM, tonB, slyA, pmi, galE, galU, mviA, rfaH, a
pur gene, a pab gene, and fur.

In a further embodiment, the bacterial carrier may also
comprise additional plasmid vectors for improving its inva-
sion efficiency. For example, a plasmid expressing the gene
encoding invasin from Yersinia pseudotuberculosis.

In an additional embodiment, the bacterial carrier may
comprise additional plasmid vectors for regulated lysis in
vivo. For example, the plasmid pYA3681 (araC P, pro-
moter regulates expression of asd and murA genes) in strain
%11020.

III. Methods for Producing a Segmented Virus

The expression vector detailed in section (I) may be uti-
lized to produce a segmented virus in vitro or in vivo. Depend-
ing upon the intended use, the resulting virus may, by way of
example, be purified, attenuated or inactivated. In some
embodiments, the virus is purified and used as a seed virus for
further production of virus. In other embodiments, the virus is
attenuated for use in a vaccine composition. In yet other
embodiments, the virus is inactivated for use in a vaccine
composition.

In one aspect, the invention provides a method for produc-
ing a virus by introducing the expression vector into a eukary-
otic cell. The expression vector may be delivered to the cell
using transfection. Methods for transfecting nucleic acids are
well known to individuals skilled in the art. Transfection
methods include, but are not limited to, cationic transfection,
liposome transfection, dendrimer transfection, electropora-
tion, heat shock, nucleofection transfection, magnetofection,
nanoparticles, biolistic particle delivery (gene gun), and pro-
prietary transfection reagents such as Lipofectamine,
Dojindo Hilymax, Fugene, jetPEI, Effectene, DreamFect, or
ExGen 500.

The expression vector may also be delivered to the cell
using a viral vector. Viral vectors suitable for introducing
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nucleic acids into cells include retroviruses, vaccinia viruses,
adenoviruses, adeno-associated viruses, rhabdoviruses, and
herpes viruses.

In some embodiments, the expression vector may be intro-
duced into eukaryotic tissue culture cells in vitro. Non-limit-
ing examples of eukaryotic cells used for virus production in
vitro may include human embryonic kidney 293 (HEK293)
cells, Madin-Darby canine kidney (MDCK) cells, chicken
embryonic fibroblasts (CEFs), African green monkey kidney
epithelial (vero) cells, or any variants or combinations
thereof. In all such cases, the sequences in all expression
cassettes recognized by RNA polymerase I would have to be
changed to possess DNA sequences recognized by the RNA
polymerase I from the species of animal for the particular cell
line. This is because RNA polymerase I are species specific.
In a preferred embodiment, the expression vector may be
introduced into HEK293 cells. In another preferred embodi-
ment, the expression vector may be introduced into a mixture
of CEFs and MDCK cells. Upon introduction of the expres-
sion vector into the eukaryotic cells, the host cells may then be
cultured under conditions that permit production of viral pro-
teins and vRNAs using tissue culture techniques known in the
art. By way of non-limiting example, the expression vector,
when introduced into a tissue culture cell, yields 10® PFU/ml
or more of influenza virus after 6 days.

In other aspects, the expression vector may be introduced
into a eukaryotic cell in an animal. Non-limiting examples of
animals where the expression vector may be introduced may
include humans, horses, pigs, chickens, ducks, and geese.
Methods of delivery of the expression vector to a eukaryotic
cell may be as described above.

Alternatively, and in a preferred embodiment of the inven-
tion, the expression vector may be delivered into the eukary-
otic cell via a carrier bacterium as described in Section II. The
carrier bacteria typically deliver the expression vector into the
eukaryotic cell cytoplasm. Suitable carrier bacteria are
described in more detail in Section II.

In yet other aspects, bacterial carrier mediated expression
vector delivery can be used to generate several different
groups of viruses, including positive-sense RNA viruses,
negative-sense RNA viruses and double-stranded RNA (ds-
RNA) viruses. Non-limiting examples of positive-sense RNA
virus include viruses of the family Arteriviridae, Caliciviri-
dae, Coronaviridae, Flaviviridae, Picornaviridae, Roniviri-
dae, and Togaviridae. Non-limiting examples of positive-
sense RNA viruses may include SARS-coronavirus, Dengue
fever virus, hepatitis A virus, hepatitis C virus, Norwalk virus,
rubella virus, West Nile virus, Sindbis virus, Semliki forest
virus and yellow fever virus. Non-limiting examples of
double-stranded RNA viruses may include viruses of the
family Reoviridae and may include aquareovirus, coltivirus,
cypovirus, fijivirus, idnoreovirus, mycoreovirus, orbivirus,
orthoreovirus, oryzavirus, phytoreovirus, rotavirus, infec-
tious bursal disease virus and seadornavirus. Negative-sense
RNA viruses may be viruses belonging to the families Orth-
omyxoviridae, Bunyaviridae, and Arenaviridae with six-to-
eight, three, or two negative-sense VRNA segments respec-
tively. Non-limiting examples of negative-sense RNA viruses
may include thogotovirus, isavirus, bunyavirus, hantavirus,
nairovirus, phlebovirus, tospovirus, tenuivirus, ophiovirus,
arenavirus, deltavirus and influenza virus.

In some embodiments, the bacterial carriers are attenuated
as detailed in Section II. As previously described, the bacte-
rial carrier may carry one or more mutations for this purpose.
Non-limiting examples are the phoP mutation and the pmi
mutation. The bacterial carrier may carry one plasmid to
express a lysis gene. Non-limiting example is phage lysis
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gene E expressing plasmid. The bacterial carrier may carry
one plasmid, which complement the mutations on the bacte-
rial carrier chromosome to form a regulated delayed lysis
system. For example, % 11020 carrying plasmid pYA3681.

In some embodiments, the expression vector may be modi-
fied for generation of attenuated virus. The strategies include,
but not limiting to (1) using an attenuated virus genome to
construct the single expression vector. For example, using
HA and NA from epidemic influenza virus and the other
segments from attenuated cold-adapted influenza virus (e.g.
A/AA/6/60). Meanwhile the polybasic cleavage site has to be
removed from the HA protein. (2) Introducing mutations into
viral genes to change the protein sequence. For example,
introducing mutations into epidemic influenza virus by
reverse genetics to attenuate it, so that the generated virus can
be used as vaccine seed. The mutations include (i) removing
the polybasic cleavage site from HA protein, (ii) truncating
the C-terminal end of the NS1 protein, (iii) and introducing
mutations into viral polymerase.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms
used herein have the meaning commonly understood by a
person skilled in the art to which this invention belongs. The
following references provide one of skill with a general defi-
nition of many of the terms used in this invention: Singleton
et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and
Technology (Walker ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and
Hale & Marham, The Harper Collins Dictionary of Biology
(1991). As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise.

The term “cRNA” refers to a positive-sense RNA copy of
a vVRNA.
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The term “vRNA” refers to a negative-sense genomic viral
RNA.

The term “vaccine composition™ as used herein means a
composition that when administered to a host, typically elicits
an immune response against the virus. Such compositions are
known in the art.

EXAMPLES

The following examples are included to demonstrate pre-
ferred embodiments of the invention. It should be appreciated
by those of'skill in the art that the techniques disclosed in the
examples that follow represent techniques discovered by the
inventors to function well in the practice of the invention, and
thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of
the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the invention.

Materials and Methods for Examples 1-4
Bacterial Strains, Enzymes, Plasmids and Primers

EPI300™ chemically competent E. coli (Epicentre) was
used for all DNA cloning experiments. Restriction enzyme
Srfl was bought from Stratagene (La Jolla, Calif). All other
restriction enzymes were from New England Biolabs (Ip-
swich, Mass.). Plasmids pTM-Pol I-WSN-All and pCAWS-
NP were kindly provided by Dr. Yoshihiro Kawaoka (Univer-
sity of Wisconsin—Madison). Plasmid pYS1190 and pIRES-
EGFP were gifts from Dr. Yixin Shi (Arizona State
University). Primers used in this study are listed in Table 2.
Plasmid constructs used in this study are listed in Table 1.

TABLE 1

Plasmid constructs used in this study.

Plasmid Properties Reference
pcDNA3.1(-) Eukaryotic expression vector carrying a CMV promoter and bovine Invitrogen
growth hormone polyadenylation signal
pIRES-EGFP Source of the EGFP gene Clontech
pYS1190 Source of the mCherry gene Unpublished
pTM-PolI-WSN-All An &-unit-plasmid for transcribing PB1, PB2, NS, M, NA, PA, NP, HA vRNAs =22
under human Pol I promoter
pCAWS-NP Eukaryotic expression of nucleoprotein (NP) used as helper plasmid -22
pYA3994 A pBR ori containing plasmid containing GFP gene flanked by P, promoter Lab collection
and 5ST1T2 terminator
pYA4464 Vector with p15A ori sequence and cat cassette Lab collection
pYA4749 A GFP expression vector with a p15A ori constructed by fusing This study
DNA segments from pYA3994 and pYA4464
pYA4337 Gene encoding PB2 inserted into pcDNA3.1(-) This study
pYA4338 Gene encoding PB1 inserted into pcDNA3.1(-) This study
pYA4339 Gene encoding PA inserted into pcDNA3.1(-) This study
pYA4379 Chicken Pol I promoter (CPI) and murine Pol I terminator (MTT) This study
cloned into pcDNA3.1(-) to create a bidirectional
vector to synthesize vVRNA from CPI and mRNA from CMV promoter
pYA4383 PB2 ¢DNA cloned into pYA4379 to synthesize mRNA by CMV promoter and vRNA by CPI This study
pYA4384 PB1 ¢DNA cloned into pYA4379 to synthesize mRNA by CMV promoter and vRNA by CPI This study
pYA4385 PA ¢DNA cloned into pYA4379 to synthesize mRNA by CMV promoter and vRNA by CPI This study
pYA4386 NP ¢DNA cloned into pYA4379 to synthesize mRNA by CMV promoter and vRNA by CPI This study
pYA4387 EGFP gene cloned into pYA4379 to synthesize mRNA by CMV This study
promoter and antisense RNA (VRNA-like) by CPI
pYA4380 CPI and MTI cloned into modified pcDNA3.1 (-) to synthesize VRNA This study
pYA4388 HA cDNA inserted into the Aarl sites in pYA4380 to synthesize vRNA by CPI This study
pYA4389 NA cDNA cloned in pYA4380 to synthesize VRNA by CPI This study
pYA4390 M cDNA cloned in pYA4380 to synthesize vRNA by CPI This study
pYA4391 NS ¢DNA cloned in pYA4380 to synthesize VRNA by CPI This study
pYA4392 EGFP gene cloned into pYA4380 to transcribe antisense RNA (VRNA-like) by CPI This study
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TABLE 1-continued

Plasmid constructs used in this study.

Plasmid Properties Reference

pYA4688 CPI replaced with human Pol I promoter in pYA4380 to transcribe This study
EGFP gene into antisense RNA (VRNA-like)

pYA4519 8 influenza cDNA cassettes cloned into one plasmid to synthesize This study
vRNAs by CPI and PB2, PB1, PA and NP mRNA/protein by CMV promoter

pYA4731 The mCherry gene cloned in between CMV and BGH-polyA terminator in pcDNA3.1(-) This study

pYA4732 The CMV-mCherry-BGH-polyA cassette from pYA4731 inserted in the Srfl site on pYA4519  This study

TABLE 2

Primers used in this stud

Primer Name SEQ ID Sequence Application

CP1 1 5'-tcggtcgcttegeggaggtggetgg-3"! Clone chicken RNA Pol I
promoter from genomic DNA

CP2 2 b5'-gtgatcgccttctcocggettttttt-3! Clone chicken RNA Pol I
promoter from genomic DNA

PI-1 3 b5'-taaaagctttctgcagaattcgccectt-3! Amplify chicken RNA Pol I
promoter (nt -415 to -1)

PI-2 4 5'-ttaggtaccacctgctcctacagacgaac-3' Amplify chicken RNA Pol I
promoter (nt -415 to -1)

TI-1 5 5'-taaggtaccacctgctgctccceccccaactte-3! Amplify murine Pol I terminator (41bp)

TI-3 6 5'-ttagctagcgtgtcgcccggagta-3'! Amplify murine Pol I terminator (41bp)

BsmBI-EGFP1 7 5'-taacgtctctctgtagtagaaacaagg Add nontranslational sequence
tagttttttacttgtacagctcg-3" of M segment to EGFP gene

BsmBI-EGFP2 8 5'- Add nontranslational sequence
ttacgtctctggggagcaaaagcaggtagatattg of M segment to EGFP gene

aaagatggtgagcaagggcg-3'

FP-cherry 9 b5'-acctctagaatggtgagcaagggcgag-3' Clone mCherry gene into pcDNA31 (—)
RP-cherry 10 5'-taagaattcttacttgtacagctcgtc-3! Clone mCherry gene into pcDNA31 (—)
Pl 11 5'-taactcgagatggaaagaataaaag-3' Clone PB2 ORF into pcDNA3.1(-)

P2 12 5'-ttaggtaccctaattgatggccatc-3! Clone PB2 ORF into pcDNA3.1(-)

P3 13 5'-taactcgagatggatgtcaatccga-3' Clone PB1 ORF into pcDNA3.1(-)

P4 14 5'-ttaggtaccctatttttgccgtctg-3!' Clone PB1 ORF into pcDNA3.1(-)

P5 15 5'-taactcgagatggaagattttgtgc-3' Clone PA ORF into pcDNA3.1(-)

Pé 16 5'-ttaggtaccctatctcaatgcatgt-3' Clone PA ORF into pcDNA3.1(-)
AarI-PB2-1 17 5'-taacacctgcagtcctgtagtagaaacaaggtcgt-3" Clone PB2 c¢DNA into pYA4379
AarI-PB2-2 18 5'-ttacacctgcgactggggagcgaaagcaggtcaat-3" Clone PB2 c¢DNA into pYA4379
AarI-PBl-1 19 5'-taacacctgcagtcctgtagtagaaacaaggcatt-3" Clone PB1 c¢DNA into pYA4379
AarI-PBl-2 20 b5'-ttacacctgcgactggggagcgaaagcaggcaaac-3!' Clone PB1 c¢DNA into pYA4379
BsmBI-PA-1 21 b5'-taacgtctctctgtagtagaaacaaggtact-3' Clone PA cDNA into pYA4379
BsmBI-PA-2 22 5'-ttacgtctctggggagcgaaagcaggtactg-3" Clone PA cDNA into pYA4379
BsmBI-NP-1 23 5'-taacgtctctctgtagtagaaacaagggtat-3"' Clone NP cDNA into pYA4379

BsmBI-NP-2 24 5'-ttacgtctctggggagcaaaagcagggtaga-3"' Clone NP cDNA into pYA4379
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TABLE 2-continued

Primers used in this stud

Primer Name SEQ ID Sequence Application

BsmBI-HA-1 25 b5'-taacgtctctctgtagtagaaacaagggtg-3' Clone HA cDNA into pYA4380
BsmBI-HA-2 26 5'-ttacgtctctggggagcaaaagcaggggaa-3' Clone HA ¢DNA into pYA4380
AarI-NA-1 27 5'-taacacctgcagtcctgtagtagaaacaaggagtt-3' Clone NA cDNA into pYA4380
AarI-NA-2 28 b5'-ttacacctgcgactggggagcgaaagcaggagttt-3" Clone NA ¢DNA into pYA4380
BsmBI-M-1 29 b5'-taacgtctctctgtagtagaaacaaggtagt-3' Clone M cDNA into pYA4380
BsmBI-M-2 30 b5'-ttacgtctctggggagcaaaagcaggtagat-3"! Clone M ¢DNA into pYA4380
BsmBI-NS-1 31 b5'-taacgtctctctgtagtagaaacaagggtgt-3"! Clone NS cDNA into pYA4380
BsmBI-NS-2 32 5'-ttacgtctctggggagcaaaagcagggtgac-3"' Clone NS cDNA into pYA4380
SrfI-PB2 33 b5'-taagcccgggcgttgacattgattattg-3! Amplify PB2 dual promoter cassette
NgoMIV-NotI- 34 5'-ttagcecggcttageggecegecatagageccaccegeat-3'  Amplify PB2 dual promoter cassette
PB2

BssHII-PB1 35 b5'-taagcgcgcgttgacattgattattgac-3! Amplify PB1 dual promoter cassette
NgoMIV-SbfI- 36 5'-ttagccggcttacctgcaggccatagagceccaccgca-3' Amplify PB1 dual promoter cassette
PB1

KpnI-PA 37 b5'-taaggtaccgttgacattgattattgac-3' Amplify PA dual promoter cassette
NgoMIV-PacI- 38 b5'-ttagccggcttattaattaaccatagagcccaccgca-3' Amplify PA dual promoter cassette
PA

Apal-NP* 39 b5'-taagggcccgttgacattgattattgac-3! Amplify NP dual promoter cassette
NgoMIV-PmII- 40 b5'-ttagccggcttacacgtgccatagagcccaccgcate-3' Amplify NP dual promoter cassette
NP*

PmII-HA 41 5'-taacacgtggtgtcgcccggagtactgg-3"! Amplify HA mono promoter cassette
NgoMIV-HA 42 5'-ttagccggcteggtegettegeggaggt -3 Amplify HA mono promoter cassette
PacI-NA 43 5'-taattaattaagtgtcgceccggagtact-3" Amplify NA mono promoter cassette
NgoMIV-NA 44 5'-ttagccggcttagggeccteggtegettegeggag-3" Amplify NA mono promoter cassette
SbfI-M 45 b5'-taacctgcagggtgtcgcccggagtact-3! Amplify M mono promoter cassette
NgoMIV-M 46 5'-ttagccggcttaggtaccteggtegettegeggag-3" Amplify M mono promoter cassette
NotI-NS 47 5'-taagcggccgcgtgtcgeccggagtact-3! Amplify NS mono promoter cassette
NgoMIV-NS 48 5'-ttagccggcttagegcegeteggtegettegeggag-3! Amplify NS mono promoter cassette

*also used to amplify CMV-mCherry-BGH cassette from pYA4731 to construct pYA4732

Cell Culture.

Chicken embryonic fibroblasts (CEFs) were prepared by
standard trypsinization of decapitated 8-day old embryos.
CEFs, human embryonic kidney (HEK293) cells and Madin-
Darby canine kidney (MDCK) cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS), 100 U/ml penicillin and
100 pg/ml streptomycin. To co-culture CEFs and MDCK
cells, each cell type was grown in 75 cm? flasks, trypsinized,
and %3 volume of each was mixed with growth media to a total
volume of 40 ml. The mixed cells were seeded into six-well
plates at 3 ml per well. All cells were maintained at 37° C. in
5% CO,.

Construction of Chicken Pol I Promoter-Based Reporter
plasmids.

Plasmid pcDNA3.1(-) (Invitrogen, Carlsbad, Calif.) car-
rying the cytomegalovirus (CMV) promoter and the bovine
growth hormone (BGH) polyadenylation signal that together
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form the Pol II promoter-terminator system, was used to
construct vector pYA4379 (SEQ ID NO:57). Briefly, chicken
Pol I promoter (CPI) was cloned from chicken genomic DNA
(18). The truncated murine Pol I terminator (MTI) was ampli-
fied from plasmid pTM-Pol I-WSN-All. Using unique
enzyme sites introduced by PCR, CPI region (nt: -415t0 -1)
and MTI (41 bp) were connected with Kpnl site to produce
SEQ ID NO:61 (Table 3), and placed between Nhel and
HindIII on pcDNA3.1(-) downstream of the CMV promoter
to construct the bidirectional transcription vector pYA4379
(SEQ ID NO:57) (FIG. 1A). The two Aarl sites introduced
inbetween CPI and MTI will allow cloning of an insert with-
out introducing any additional nucleotides at either end. Plas-
mid pYA4380 (SEQ ID NO:58) was constructed by excising
the CMV promoter fragment from pcDNA3.1(-) using
enzymes Spel and HindIII followed by insertion of the CPI-
MTT fusion product (FIG. 1A).
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Sequence of fused CPI and MTI. Sequence of chicken RNA
polymerase I promoter (CPI) is underlined and sequence of
murine Pol I terminator (MTI) is given in bold. Sequence of
two Aarl sites is highlighted with gray background.

SEQ ID NO: 61 TCGGTCGCTTCGCGGAGGTGGCTGGGGCACGGCGGAAC

GGTCTACCTGGTCCCGGCGGGCACCGTCCGGCTCGGTC

TCTCCGCGGCGGCGGCGECTAGGGETCGCTGCCGGGE

CGTCTCGGAAACGGCGGAACGGTCTACCCGGGTGCTAC

CGTCTCGCGCTCTCCGCGGCGGCGGCTAGAGGTCGCTG

CCGGGGCGGCTTGCGATCCGCGTCCAGGTCTACCCCGT

TTCGGATTGTCTTGGCCGCTCTGGCTGTGGGGGEEGEGC

GCTACAGCTCCGGAGCTGCCAGAGGCGTCGCTGTAATTT

TGTACCTCCAGTTACGTCGAGGTAAACCTCGGCTGCCGT

CGGAGCCGCTGCCGGTAGTCGGCGCCTATGGGACTAGA

ACGTTTTTTTCGGATGCCTTATATGTT CGTCTGTAGGRHH:

TS T AR SRR TGC TCCCCCCCAACTTCGGAGGT

CGACCAGTACTCCGGGCGACAC

Plasmid pIRES-EGFP (Clontech; Mountain View, Calif.) .

was the source of the enhanced green fluorescent protein
(EGFP) gene used to measure promoter activities in plasmids
pYA4379 (SEQ ID NO:57) and pYA4380 (SEQ ID NO:58).
The EGFP gene was amplified by PCR from pIRES-EGFP
using primers that introduce 5' and 3' non-translating
sequences (NTS) from M segment of the WSN virus. The
5'-NTS-EGFP-NTS-3' fragment was cloned into the Aarl
sites inbetween CPI and MTT in plasmid pYA4379 (SEQ ID
NO:57) and in pYA4380 (SEQ ID NO:58) to obtain plasmids
pYA4387 and pYA4392, respectively (FIG. 1B). Plasmid
pYA4688 was derived from pYA4392 bp replacing the
chicken Pol I promoter with human Pol I promoter derived
from pTM-Pol I-WSN-All (FIG. 1B). Genes encoding PB2,
PB1 and PA were individually cloned into plasmid
pcDNA3.1(-) to obtain plasmids pYA4337, pYA4338 and
pYA4339, respectively. In transfection experiments, those
three plasmids were used in combination with plasmid
pCAWS-NP to provide viral polymerase and nucleoprotein.

Construction of the 8-unit plasmid pYA4519 (SEQ ID NO:
60)

The 8-unit plasmid pYA4519 was constructed in four
stages: a) Construction of eight 1-unit plasmids. Plasmid
pITM-Poll-WSN-All provides the whole set of genomic
c¢DNAs of influenza A/WSN/33 virus. The cDNA fragments
for PB2, PB1, PA, and NP were individually transferred into
the Aarl sites on pYA4379 (SEQ ID NO:57) to obtain plas-
mids pYA4383, pYA4384, pYA4385, and pYA4386, respec-
tively (Table 1, FIG. 3). Each of the HA, NA, M and NS
c¢DNAs was similarly cloned into pYA4380 (SEQ ID NO:58)
to obtain plasmids pYA4388, pYA4389, pYA4390, and
pYA4391, respectively (Table 1, FIG. 3). b) Construction of
cloning vector pl5SA-T. DNA fragments from two different
plasmids were fused to construct the cloning vector p1SA-T:
Plasmid pYA4464 (Table 1) was the source for p15A ori and
the cat gene and plasmid pYA3994 was the source of the
P, .-GFP-5ST1T2 expression cassette. An approximately
2550 bp DNA fragment containing both p15A-origin of rep-
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lication and the cat gene was excised from plasmid pYA4464.
A 1400 bp P, -GFP-5ST1T2 expression cassette was ampli-
fied from plasmid pYA3994 (Table 1) using primers that
introduced sites for enzymes SnaBl and Ahdl towards the 5'
end and sites for Ahdl and BgllI towards the 3' end of the
cassette. The PCR product was digested at the ends and
ligated with the previously obtained 2550 bp fragment to
generate a 3900 bp GFP expression vector pYA4749 (SEQ ID
NO: 59, FIG. 4). The GFP expression cassette was excised out
of pYA4749 bp digesting with AhdI leaving behind a linear
2530 bp vector p15A with a 3'-T overhang (generated due to
AhdI digestion, FIG. 4). This linear vector will henceforth be
referred to as plasmid p15A-T and will be used for convenient
insertion of DNA fragments with an additional overhanging
A nucleotide. ¢) Cloning of dual-promoter cassettes into
p15A-T.cDNA cassettes of PB1, PB2, PA, and NP, along with
their promoter-terminator bidirectional elements were indi-
vidually amplified from pYA4384, pYA4383, pYA4385, and
pYA4386, respectively, using high fidelity Pfu polymerase
(PfuUltra, Stratagene) and primers that introduced unique
restriction sites at both the 5' and the 3' ends of the PCR
products. To generate a 3'-A overhang, the four amplicons
were individually mixed with S5U of Taq DNA polymerase
(New England Biolabs) and 0.5 mM dATP at 37° C. for 30
min. Purified products were each ligated with p15A-T linear
vector to obtain four 1-unit plasmids p15A-PB2, p15A-PB1,
p15A-PA,and p15A-NP (Table 1 and FIG. 5, upper panel). To
construct 2-unit plasmids, mono-promoter cassettes of the
remaining four viral genes (HA, NA, M, and NS) were ampli-
fied from plasmids pYA4388, pYA4389, pYA4390, and
pYA4391, respectively, and cloned into unique restriction
sites available on each of the 1-unit plasmids (FIG. 5). For
instance, the CPI-NS-MTI fragment was amplified from
pYA4391 using primers that engineer Notl and NgoMIV sites
at the ends of the amplicon and was then cloned into the same
sites on the 1-unit plasmid pl15A-PB2 to obtain a two-unit
plasmid pl15A-PB2-NS (FIG. 5). Plasmids pl5A-PB1-M,
p15A-PA-NA, and p15A-NP-HA were also constructed by a
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similar procedure. As a step-wise incremental process, cDNA
fragments from two different 2-unit plasmids were fused to
obtain a 4-unit plasmid. The structures of the two 4-unit
plasmids pl15SA-PB2-NS-PB1-M (12.9 kb) and pl15A-PA-
NA-NP-HA (13.3 kb) were shown (FIG. 5). d) Fusion of eight
cDNA cassettes into a single plasmid. The DNA fragment
containing PA-NA-NP-HA cassettes was excised from p15-
PA-NA-NP-HA and cloned in between the Kpnl and Ngo-
MIV sites in the other four-unit plasmid to obtain the single
8-unit plasmid pYA4519 (FIG. 5) (SEQ ID NO:60). It is a
23.6 kb long plasmid containing unique restriction sites (Srfl,
Notl, BssHII, Sbfl, Kpnl, Pacl, Apal, Pmll and NgoMIV)
between every two cassettes and plasmid backbone to facili-
tate either any addition or replacement of genes in this plas-
mid. During the construction of the 4-unit and 8-unit plas-
mids, large DNA fragments were stained with crystal violet to
avoid DNA damaging effects of ultraviolet light (30). These
manipulations can also be performed in laboratory space
equipped with yellow fluorescent lighting fixtures.

The 711 bp mCherry gene was amplified from pYS1190
(Table 1) and cloned between the CMV promoter and BGH
terminator sequences on plasmid pcDNA3.1(-) to generate
the reference plasmid pYA4731. The CMV-mCherry-BGH-
polyA cassette was amplified from pYA4731 and cloned into
the Srfl site on plasmid pYA4519 (SEQ ID NO:60) to obtain
pYA4732 (pYA4519-mCherry) (Table 1).

Transfection.

CEFs and HEK293 cells grown in 6-well plates were trans-
fected according to the manufacturer’s instructions. Briefly, 2
ul of Lipofectamine 2000 (Invitrogen) per pg plasmid DNA
were individually diluted in 100 ul of Opti-MEM. After S min
incubation at room temperature (RT), the diluted transfection
reagent was mixed with the DNA. After 40 min incubation at
RT, the transfection mix was added to pre-washed cells. After
further incubation at RT for 3 h, the transfection medium was
replaced with DMEM supplemented with 10% FBS. At 24 h
post transfection, images were acquired using the Zeiss Axio
Cam Mrc-5 mounted onto a Zeiss Axioskop 40-fluorescent
microscope.

Virus Generation.

For generation of influenza virus, CEFs or co-cultured
CEFs/MDCK cells were transfected with plasmid DNA as
described above. After 3 h incubation, the transfection
medium was replaced with 2 ml of Opti-MEM containing
0.3% bovine serum albumin (BSA), penicillin and strepto-
mycin. At 24 hr post transfection, each well was supple-
mented with 1 ml of Opti-MEM containing 2 pg/ml TPCK-
trypsin, 0.3% BSA, penicillin and streptomycin. At three to
six days post transfection, cell supernatants were titrated onto
MDCK cell monolayers to estimate influenza virus titer. All
experiments were done in triplicates.

Example 1

EGFP Expression in Vectors with Dual- or
Mono-Promoter Unit

The bidirectional dual promoter transcription vector
pYA4379 (SEQ ID NO:57) was constructed by inserting Pol
1 promoter-terminator elements in plasmid pcDNA3.1(-).
Here, cytomegalovirus promoter (CMV) and bovine growth
hormone (BGH) polyadenylation signal (BGH) together con-
stitute the Pol II promoter-terminator unit to synthesize
mRNA, whereas, chicken Pol I promoter (CPI) and murine
Pol I terminator (MTI) together constitute the Pol I promoter-
terminator unit to transcribe antisense RNA of the target gene
(FIG. 1A). Alternatively, the unidirectional vector pYA4380
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(SEQ ID NO:58) containing the Pol unit but lacking the CMV
promoter was created for the synthesis of antisense RNA
alone (FIG. 1A). Plasmids pYA4387 and pYA4392 were
derived from pYA4379 (SEQ ID NO:57) and pYA4380 (SEQ
1D NO:58), respectively, by inserting the reporter gene EGFP
between CPI and MTT to monitor the promoter activities in
both plasmids (FIG. 1B). Another unidirectional plasmid
pYA4688 was derived from pYA4392 by replacing human the
Pol I promoter (HPI) for CPI and used as a control for moni-
toring EGFP synthesis (FIG. 1B).

To test the promoter activity in each plasmid, CEFs were
independently transfected with plasmids (pYA4387 and
pYA4392) and HEK293 cells were transfected with plasmid
pYA4688 to monitor EGFP expression as a measure of pro-
moter activity. CEFs transfected with pYA4387 were visibly
green confirming the synthesis of a functional EGFP protein
(FIG. 2A). As expected, synthesis of EGFP was not observed
in CEF's or in HEK293 cells when transfected with the either
pYA4392 or pYA4688 (data not shown), as only the VRNA-
like antisense RNA was synthesized by the Pol [ unit in both
cases. Expression was restored only upon co-transfection
with pYA4337 (PB2), pYA4338 (PB1), pYA4339 (PA) and
pCAWS-NP that together provide influenza RNA poly-
merases and the nucleoprotein required for VRNA replication
and transcription to synthesize a functional EGFP (FIGS. 2B
and C). These data suggested that pYA4387, pYA4392 and
pYA4688 (and thus the parent plasmids pYA4379 (SEQ ID
NO:57) and pYA4380 (SEQ ID NO:58)) carry functional
promoter-terminator units and could transcribe the cloned
cDNA into vRNA-like molecules in CEFs. However, the
percentage of cells expressing EGFP was higher in HEK293
than in CEFs (FIG. 2).

Example 2
One-Plasmid System pYA4519 (SEQ ID NO:60)

We chose influenza A/WSN/33 virus as our model virus
and cDNAs for all eight segments were obtained from the
plasmid pTM-Poll-WSN-AllL. FIG. 5 outlines the sequential
construction of plasmids to obtain the 8-unit plasmid
pYA4519 (SEQ ID NO:60). To generate an 8-unit one-plas-
mid construct, we first constructed a pl5A-T cloning vector
from two plasmids pYA4464 and pYA3994 (see Materials
and Methods). We amplified bidirectional cassettes of PB2,
PB1, PA, and NP from plasmids pYA4383, pYA4384,
pYA4385, and pYA4386, respectively (see Materials and
Methods, and Table 1), and cloned individually into the
p15A-T vector to obtain four 1-unit plasmids expressing viral
mRNA (FIG. 5). The vRNA expression cassettes (CPI-
cDNA-MTI) for HA, NA, M, and NS were then cloned into
the 1-unit plasmids to obtain four 2-unit plasmids (FIG. 5).
Two 2-unit plasmids were fused to obtain a 4-unit plasmid
and two of those were ligated together to obtain a 23.6 kb-
long 8-unit plasmid pYA4519 (SEQ ID NO:60) (FIG. 5).
Plasmid pYA4519 (SEQ ID NO:60) contains a p15A origin of
replication adjacent to a chloramphenicol resistance gene
(cat). Itis designed to synthesize both vVRNA and mRNA from
cDNA of each of PB1, PB2, PA and NP and vRNA from
c¢DNA of each of HA, NA, M, and NS segments. The origin of
replication, the resistance marker or any of the antigenic
elements from this plasmid can be conveniently replaced with
any other phenotypic determinants to generate reassortant
influenza virus in cultured cells. Unique restriction sites also
facilitate addition of a reporter gene cassette to monitor trans-
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fection efficiency of the plasmid. Plasmid pYA4519 (SEQ ID
NO:60) was stably maintained at 37° C. in E. coli strains
containing a recA mutation.

Example 3

Transfection Efficiency of pYA4519 (SEQ ID
NO:60)

To determine the transfection and nuclear targeting effi-
ciency of pYA4519 (SEQ ID NO:60), we introduced the
mCherry gene into the vector pcDNA3.1(-) downstream of
the CMV promoter to generate pYA4731 (pcDNA-mCherry).
The entire CMV-mCherry-BGH-polyA cassette was then
transferred into the 8-unit plasmid pYA4519 (SEQ ID
NO:60) to generate pYA4732 (pYA4519-mCherry) and then
to compare the expression of the reporter gene in CEFs and
HEK293 cells. Expression of the mCherry gene from the
reference plasmid pYA4731 was similar in both CEFs and
HEK293 cells (FIGS. 6 A and E), suggesting similar levels of
transfection and nuclear translocation efficiency of the small
plasmid in both cell lines. However, CEFs and HEK293 cells
differed in both aspects when synthesis of mCherry from the
large plasmid pYA4732 was compared (FIGS. 6B and F). The
level of mCherry synthesis from pYA4732 was much higher
in HEK293 (FIG. 6F) than in CEFs (FIG. 6B). Expression of
mCherry from pYA4732 was comparable to that from the
reference plasmid pYA4731 in case of HEK293 cells (FIGS.
6F and F), whereas, in CEFs the efficiency decreased dra-
matically with the increase in plasmid size (compare FIGS.
6A and B). We hypothesized that the lower mCherry synthe-
sis in CEFs (from pYA4732) may be due to limited translo-
cation of the large plasmid into the CEFs nucleus. To test this
hypothesis, we co-transfected CEFs with pYA4732 and
pYA4392 (pYA4380-EGFP) and co-transfected HEK293
with pYA4732 and pYA4688 to measure the synthesis of both
mCherry (FIGS. 6C and G) and EGFP (4D and F) proteins
from the same field. Since the EGFP gene is cloned between
the CPI-MTI Pol I unit on pYA4392 and the HPI-MTI Pol I
unit on pYA4688 (resulting only in the generation of VRNA-
like molecules), synthesis of a functional EGFP protein in
either case is only possible in the presence of all the viral
polymerases and the nucleoprotein provided from plasmid
pYA4732. We observed EGFP synthesis both in HEK293 and
CEFs, but the percentage of HEK 293 cells synthesizing both
mCherry and EGFP was much greater than in the CEFs (com-
pare FIGS. 6 Cand D with FIGS. 6GG and F) suggesting a lower
translocation of the 8-unit plasmid into the CEFs nucleus.

Example 4
Generation of Influenza Virus from Plasmid(s)

Efficiency of influenza virus recovery was compared
between our 1l-unit eight-plasmid system (plasmids
pYA4383, pYA4384, pYA4385, pYA4386, pYA438S,
pYA4389, pYA4390, and pYA4391) and our novel one-plas-
mid 8-unit system pYA4519 (SEQ ID NO:60). Cultured
CEFs were either transfected with pYA4519 (SEQ ID NO:60)
or co-transfected with eight plasmids (pYA4383, pYA4384,
pYA4385, pYA4386, pYA4388, pYA4389, pYA4390, and
pYA4391) to provide all the necessary viral components as
described in Materials and Methods. The mean titer at 3-days
and 6-days post transfection was approximately 300 and
1x10® PFU/ml influenza viruses, respectively, when trans-
fected with pYA4519 (SEQ ID NO:60), whereas the virus
yield using the eight-plasmid method estimated at the same
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time points was approximately 50 and 700 PFU/ml, respec-
tively, (Table 4). Virus yield was much higher in cocultured
CEFs/MDCK cells transfected by plasmid pYA4519 (SEQ
ID NO:60) with approximately 1x10* PFU/ml and 1x10®
PFU/ml estimated on the 3 and 6 days post transfection,
respectively. This was expected as MDCK cells are known to
support the growth of influenza virus better than CEF cells.
Together these results suggested that recovery of influenza
virus from pYA4519 (SEQ ID NO:60) transfected cells was
more efficient than from the previously developed eight-plas-
mid system.

TABLE 4
Influenza A virus generation in CEFs (PFU/ml)
3" day post transfection 6% day post transfection
Plasmid(s) No. 1 No. 2¢ No.3* No.1* No.2* No.3“
8 x 1-unit 40 60 60 1280 440 480
plasmids®
PYA4519 400 260 280 1800 1000 1000

“Triplicate wells.

bplasmids pYA4383, pYA4384, pYA4385, pYA4386, pYA4388, pYA4389, pYA4390, and
PYA4391.

Discussion for Examples 1-4

The goal of this study was to construct the influenza virus
genome on a single plasmid and rescue the virus from cul-
tured chicken cells. We chose the influenza virus WSN strain
as the model virus and with the combination of reverse genet-
ics and the dual promoter system successfully constructed an
8-unit plasmid pYA4519 (SEQ ID NO:60). Care was also
taken to limit the use of multiple CMV promoters in our
plasmid to reduce the number of repetitive sequences that
may promote intra-plasmid recombination and thus decrease
plasmid stability. The 8-unit plasmid was designed to produce
influenza polymerase complex (PB1, PB2 and PA), nucle-
oprotein (NP) and 8 viral RNAs (PB1, PB2, PA, NP, HA, NA,
M and NS) in avian cells (FIG. 5). By transfection, the “one-
plasmid” system showed more efficient virus generation in
CEFs than our 1-unit (a unit stands for a cDNA corresponding
to one influenza segment, it may be flanked only by Pol I and
MTI, or flanked by both Pol 1/Pol II plus their terminators)
eight-plasmid system (Table 4). Generation of influenza virus
from a minimal number of plasmid constructs has been a
long-term challenge and through this study for the first time
we demonstrated successful recovery of influenza virus from
expression of a single plasmid.

Factors such as plasmid constructs used, and the host cell
line, affect the efficiency of virus recovery (22), and our study
provides additional vital evidence in their support. We com-
pared both transfection and viral recovery efficiency between
CEFs and HEK293 cells. Both cell types could be transfected
with equal efficiency when smaller size plasmids were used
(FIG. 2 and FIGS. 6A and E). The viral yield however was
higher in HEK293 cells when compared to CEFs. This dif-
ference could be attributed to either lower production of
vRNAs, or lower conversion from vRNAs to protein or both,
in chicken cells. Transfection experiments involving the large
size plasmid pYA4519-mCherry (25.3 kb), however, indi-
cated that HEK293 cells are better recipients than the CEFs.
Two important conclusions can be drawn from these obser-
vations; firstly, our data suggested that plasmid size plays an
important role in successtul viral recovery. Whereas efficient
virus recovery and reporter gene expression in CEFs was
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possible by transfecting with multiple smaller plasmids (FIG.
2 and Table 4), a similar attempt using a larger plasmid (25.3
kb) had limited success, suggesting the plasmid size as a
potential limiting factor. Alternatively, expression might
improve in other avian species or in different cells in those
species. Secondly, it is known that virus recovery is higher in
293T cells than in Vero cells or CEFs (18, 22, 23, 27). This
was one important criterion for higher virus yield from the
three-plasmid system developed by Neumann et. al. Our
results indicated that HEK 293 cells are not only highly trans-
fectable cells, but also can be transfected with large size
plasmids. Furthermore, certain cell-specific factors in
HEK293 cells seem to promote nuclear translocation of
larger plasmids more effectively than other cell types such as
CEFs. We are hence working towards improving transloca-
tion of pYA4519 (SEQ ID NO:60) into the nucleus of CEFs
by including a nuclear targeting sequence, such as the pro-
moter/enhancer region of simian virus 40 (SV40) (6).

Our plasmid construct should also facilitate the design of a
much simpler approach to develop influenza vaccine seeds.
Currently, influenza vaccine seeds use the “2+6” strategy, in
which the HA and NA segments are taken from an epidemic
strain and the remaining 6 segments of the influenza viral
genome are taken from either the high productive strain PR8
(A/PR/8/34) or the cold-adapted strain (e.g. A/AA/6/60) (4,
10, 12). Construction of one plasmid producing all the nec-
essary backbone segments and proteins from donor virus
provides a simpler and more efficient “1+2” approach to
generate influenza vaccine seeds.

The currently used influenza vaccines for human use are
the inactivated and attenuated forms of the virus and are
administered via the intramuscular or the intranasal routes.
Manufacturing these vaccines using cell culture or embryo-
nated chicken eggs is both expensive and a time-consuming
process. An inexpensive and oral influenza vaccine remains a
medical priority, especially for pandemic influenza. Our one
plasmid offers a viable option to generate attenuated influ-
enza virus in vivo where the plasmid can be delivered orally
or intranasally using a recombinant bacterial strain. Our labo-
ratory has been successful in constructing recombinant
attenuated strains of Salmonella enterica Serovar Typhimu-
rium that are designed for enhanced antigen delivery in the
host and ensure regulated delayed lysis of the pathogen to
inhibit long-term host colonization (5). To construct such an
attenuated strain that could effectively deliver plasmid DNA
into the host will be the next step towards developing a recom-
binant bacteria based-vaccine against influenza to be used
both in the poultry industry and for pandemic influenza.

In our pilot study, we choose the influenza virus WSN
strain for validation of our one-plasmid system. For develop-
ing a bacterial based influenza vaccine, the expression vector
must be modified to generate attenuated influenza virus. One
strategy would be constructing the single expression vector
with HA and NA from epidemic influenza virus and the other
6 segments from a cold-adapted influenza strain (e.g. A/AA/
6/60) (4, 12). Another strategy is to introduce mutations into
viral polymerase coding genes and another to employ a trun-
cated NS1 (nonstructural protein 1) gene to obtain attenuated
influenza virus (7, 29, 33). Additionally, the HA segment
from influenza vaccine may form a new ressortant virus with
the other segments from a preexisting influenza virus in the
host. The polybasic cleavage peptides of the HA proteins are
required for high pathogenicity of influenza viruses (36).
Thus, for vaccine development, the polybasic cleavage site in
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HA will be replaced with a consensus sequence derived from
HA-encoding sequences from avirulent strains (28, 33).

Example 5
Construction of the 8-Unit Plasmid pYA4562

Optimal gene expression from the 8-unit plasmid requires
efficient translocation of the plasmid construct into the
nucleus of the host cells. Nuclear targeting sequence and
NF-kB binding site have been reported to improve the nuclear
import of DNA construct (6, 19). In our study, transfection of
chicken cells with plasmid pYA4732 did not result in efficient
expression of mCherry (Example 3). One possible reason is
the lack of a nuclear targeting sequence to facilitate the
nuclear import of pYA4732 (and its parental plasmid
pYA4519). Here the SV40 nuclear targeting sequence (SV40
DTS) and NF-kB binding site were introduced into plasmid
pYA4519 to enhance its nuclear import. The SV40 DTS was
obtained from a commercial vector pBICEP-CMV-3 (Sigma)
and the NF-kB binding site was obtained from plasmid
pYA4545 (from Clonebank in Curtiss’ lab). Then they were
fused with a kanamycin-resistance cassette (kan) by PCR.
The entire fusion fragment was inserted into the Srfl site of
pYA4519 to generate pYA4562 (FIG. 7). This modification
has led to higher virus yield in bacterial carrier-mediated
plasmid delivery (example 9).

Example 6

Salmonella Mediated Delivery of EGFP Reporter
Plasmid pYA4336

To mediate the delivery of plasmid DNA, an auxotrophic
Salmonella Typhimurium strain 9052 (AasdA33 Aalr-3
AdadB4) was selected. Inactivation of the asd gene causes an
obligate requirement for the essential amino acid diami-
nopimelic acid (DAP), whereas inactivation of both the alr
and dadB genes confers an absolute requirement for D-ala-
nine. Both DAP and D-alanine are essential unique subunits
of the peptidoglycan ridgid layer of the bacterial cell wall. A
replicating bacterial cell requires these components for cell
wall synthesis and neither of these amino acids is present in
animal tissues. In the absence of these nutrients in the host
cell, the integrity of the bacterial cell wall is compromised and
the bacterium undergoes lysis in the host. Lysis of the intra-
cellular bacterial cell would release the expression vector into
the host cytoplasm, and the nuclear targeting sequence(s) on
the vector would then promote the translocation of the expres-
sion vector into the nucleus, ultimately resulting in the
desired expression of viral genes. The conditional growth on
LB agar plates with or without supplement(s) was observed
for three bacterial carriers, including %8276 (AasdA27),
%8901 (Aalr-3 AdadB4) and %9052 (AasdA33 Aalr-3
AdadB4). The wild-type S. Typhimurium control strain
showed growth on each plate (FIG. 8A). In another assay,
each Salmonella carrier was resuspended and incubated in
LB broth without any supplements for 24 hours. Then the
bacterial cells were gently pelleted (8,000 rpm for 5 min) and
stained with Live/Dead BacLight Bacterial Viability kit (Mo-
lecular probes, cat. [.13152). Under the fluorescence micro-
scope the carrier strains %8276, %8901 and %9052 showed
much bigger size and more dead cells (red fluorescence) than
the wild-type strain %3761 (FIG. 8B). Surprisingly, the
genomic DNA stained with PI (red fluorescence) was even
found to flush out from the dead bacterial cells. Comparing
with wild-type control, the three carrier strains showed much
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more cell debris that can not be stained with fluoresceins due
to the loss of genomic DNA. Those data proved that the
incomplete bacterial cell wall was unable to protect the bac-
terial cell membrane from damage of stress, permeation pres-
sure and other factors. Plasmid pYA4336 is a derivative of
pcDNA3.1(-) obtained by cloning the EGFP gene under the
control of the CMV promoter (FIG. 8C). Salmonella Typh-
imurium %8276, %8901 and %9052 carrying pYA4336 each
was cultured in 3 ml of LB medium containing 100 pg/ml
DL-alanine, 50 pg/ml diaminopimelic acid (DAP) and 100
pg/ml ampicillin at 30° C. The bacterial pellet was resus-
pended in DMEM without fetal bovine serum (FBS) and
antibiotics. Chicken embryonic fibroblasts (CEFs) cultured
in a 6-well plate were incubated with the bacteria at 37° C. for
1 h. 24 hours later, the cells were observed in the fluorescence
microscope for EGFP expression (FIG. 8D). Though EGFP
expressing cells could be observed from CEFs infected by
either of the bacterial carriers, the ¥9052(pYA4336) seemed
to result in the most efficient plasmid delivery in repeated
experiments (data not shown).

Example 7

Determination of the Structural Integrity of the
8-Unit Plasmid in Strains of Salmonella
Typhimurium

For bacterial carrier-mediated plasmid delivery, it is essen-
tial that the structural integrity of the target plasmid construct
be maintained. RecA and RecF (encoded by genes recA and
recF, respectively) catalyze recombination of homologus
DNA sequences on one plasmid or between two plasmids.
The 8-unit plasmid construct carries numerous such repeated
DNA elements in the form of Pol I and Pol II promoters and
terminators. These repeated sequences are very good sub-
strates for both RecA- and RecF-enzyme mediated recombi-
nation. We hence determined the individual effect of the
inactivation of these genes in Salmonella.

The recA and recF deletion mutations were individually
introduced into Salmonella Typhimurium %9052 (AasdA33
Aalr-3 AdadB4). The resulting strains are %9834 (AasdA33
Aalr-3 AdadB4 ArecA62) and 11018 (Aasd-33 Aalr-3
AdadB4 ArecF126), respectively.

Salmonella strains %9052, ¥9834 and y11018 were each
transformed with plasmid pYA4519, plated onto LB plates
and incubated overnight at 37° C. From each strain, a correct
clone was obtained and diluted 1:1000 into 3 ml LB medium
and grown at 37° C. for 12 h. The dilution and growth process
was repeated for 4 additional cycles. Plasmid DNA was
extracted from 1.5 ml of culture from each cycle of growth.
An aliquot of plasmid from each sample was digested with
BamHI and separated on a 1.2% agarose gel. Bacteria from
the final cultures were spread onto supplemented [.B-agar
plates and incubated overnight at 37° C. Plasmid DNA was
extracted from single colonies and structural integrity of the
plasmid was verified by comparing the restriction profile
upon BamHI digestion (FIG. 9). Accumulated recombination
events lead to gene deletions on plasmid pYA4519, therefore
resulting in changes of the restriction map generated by
BamHI digestion.

We noted that at time 0, before passage, the plasmid yield
from the Rec” strain, %9052, was less than that obtained from
the two rec mutants. After the second cycle of growth there
was a reduction in the amount of DNA in most of the expected
bands, indicating that the plasmid structure was deteriorating
after each passage. Qualitatively, the plasmid structure
appeared to be stable for the first four passages in strains
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%9834 (ArecA62), and 11018 (ArecF126). In this experi-
ment we demonstrate that deletion of recA and recF in Sal-
monella Typhimurium significantly minimizes Rec-depen-
dent recombination of the plasmid, thus ensuring structural
integrity of our 8-unit plasmid in spite of repetitive sequences.

Example 8
%9834-Mediated Delivery of Plasmid pYA4732

The goal of this experiment was to determine whether
Salmonella could mediate the delivery of the large expression
vector into cultured chicken cells. Plasmid pYA4732 (FIG.
10A) was derived from the 8-unit plasmid pYA4519 by
inserting a eukaryotic mCherry expression cassette that is
from plasmid pYA4731. The mCherry gene is used as a
reporter gene in this experiment; wherein, expression of the
gene product signifies successful lysis of the bacterium in the
host cytoplasm and eventual translocation of the plasmid
construct to the host cell nucleus. Salmonella Typhimurium
strain %9834 (AasdA33 Aalr-3 AdadB4 ArecA62) was
selected to deliver pYA4732. This strain has obligate require-
ments for diaminopimelic acid (DAP) and D-alanine by vir-
tue of the AasdA33 Aalr-3 AdadB4 mutations. The strain will
thus undergo lysis in the host cells in the absence of the above
mentioned nutrients. Bacterial cell lysis ensures release of the
plasmid DNA into the Sa/monella containing vacuole (SCV)
and it can then be transported into the nucleus through a yet
unknown mechanism, resulting in expressing the genes under
question. This strain also carries a recA62 deletion to reduce
plasmid recombination in pYA4732.

Salmonella Typhimurium %9834 carrying pYA4732 was
cultured in 3 ml of LB medium containing 100 pg/ml DL-
alanine, 50 pg/ml DAP and 25 pg/ml chloramphenicol at 30°
C. As a control, the 9834 carrying pYA4731 was cultured in
3 ml of LB medium containing 100 ng/ml DIL-alanine, 50
ng/ml DAP and 100 pg/ml carbencillin at 30° C. The over-
night cultures were pelleted and resuspended in DMEM with-
out fetal bovine serum and antibiotics. Chicken embryonic
fibroblasts (CEFs) in 6-well plates were incubated with the
bacteria at 37° C. for 1 h. 24 h later, the cells were observed
under fluorescence microscope. The results showed that the
large plasmid pYA4732 could be delivered into cultured
chicken fibroblasts and was expressed. In contrast, the small
reporter plasmid pYA4731 was more efficiently delivered by
the Salmonella carrier (FIG. 10B). These results suggest that
the large size plasmid suffers from inefficient nuclear import
in bacterial-mediated plasmid delivery as well as in transfec-
tion. Of note, the plasmid pYA4731 also expresses mCherry
in prokaryotic cells, as observed in E. coli and Salmonella
strains. It is most likely results from the inframe ATG codon
close to the 5' terminus and the adjacent upstream SD
sequence. Therefore, live bacterial cells are observed as red
spots for cells infected by %9834(pYA4731).

Example 9

Influenza Virus Rescued from Co-Cultured
CEFs/MDCK Cells by Infection with %9834 carrying
pYA4519 or pYA4562

The goal of this experiment was to determine whether
Salmonella-mediated delivery of the 8-unit plasmid into
chicken cells leads to the generation of influenza virus. Based
on the transfection data (Table 4), the chicken embryonic
fibroblasts did not support the replication of the influenza
virus WSN strain (no substantial increase of virus titers
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between the 3"/ and 6? day post transfection). The MDCK
cells on the other hand are known to support the growth of the
influenza virus WSN strain. A co-culture of chicken embry-
onic fibroblasts (CEFs) and Madin-Darby canine kidney
(MDCK) cells supports the propagation of the influenza
virus. Virus generated and released from transfected CEFs
can infect the adjacent MDCK cells that support replication
of the virus. Transfection of co-cultured CEFs/MDCK cells
with the 8-unit plasmid pYA4519 resulted in higher titers of
influenza virus (Example 4). Sa/monella Typhimurium 9834
carrying pYA4519 or pYA4562 were cultured in 3 ml of LB
medium containing 100 pg/ml DL-alanine, 50 pg/ml DAP
and 25 pg/ml chloramphenicol at 30° C. with shaking (200
rpm) for 20 h. In each case, 1 ml of bacterial culture was
harvested and resuspended in 1 ml of DMEM without fetal
bovine serum (FBS) and antibiotics.

CEFs and MDCK cells grown in 75 cm?® flasks were
trypsinized, and %4 volume of each was mixed with DMEM
containing 10% FBS to a total volume of 40 ml. The mixed
cells were seeded into six-well plates at 3 ml per well. All cells
were maintained at 37° C. in 5% CO,. The cells were washed
with DPBS for three times. 100 pl, 200 pl and 500 ul of
resuspended bacteria were added into each well. DMEM was
added to a final volume of 1 ml and mixed by rocking back
and forth. The cells were incubated at 37° C. in a CO, incu-
bator for 1 h. For each well, media was changed to 2 ml of
Opti-MEM containing 0.3% BSA, 10 ng/ml gentamycin. One
day post-infection, each well was supplemented with 1 ml of
Opti-MEM containing 0.3% BSA, 10 pg/ml gentamycin and
2 ug/ml TPCK -trypsin (The final concentration is 0.7 pg/ml).
Six days post-infection, supernatants from each well were
collected for hemagglutination tests (Table 5) and TCID,,
determinations (FIG. 11). The latter result indicates genera-
tion of active influenza virus.

CEFs/MDCK co-culture infected with %9834 carrying
pYA4562 generated higher titers of influenza virus, support-
ing our hypothesis that inclusion of additional nuclear target-
ing sequences in the 8-unit plasmid enhances the nuclear
translocation, hence the viral yield.

TABLE §

Hemagglutination test on the supernatants from
co-cultured CEFs/MDCK cells infected by Salmonella
delivering 8-unit expression plasmids

9834(pYA4562) 9834(pYA4519)
100 200 500 100 200 500 WSN virus
Dilution i ul i i ul pul (Positive control)
1:2 + + + - + +
1:4 + + + - - - +
1:8 + - + - - - +
1:16 - - - - - - +
1:32 - - - - - - -
1:64 - - - - - - -

+, Hemagglutination of chicken red blood cells.
—, No hemagglutination observed.

Example 10

Construction of 8-Unit Plasmids Carrying HA and
NA Genes from LPAI Virus

To generate of attenuated influenza virus in vivo and to
determine the immune response against the attenuated strain,
it is necessary to construct a plasmid encoding an attenuated
virus. So that the virus generated in vivo can be determined by
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virus shielding, and the immune response can be determined
by subsequent challenge with influenza virus.

The influenza A virus (A/chicken/TX/167280-4/02
(H5N3) is an isolate from White Leghorns chickens. It
belongs to a low pathogenic avian influenza virus and causes
clinical symptoms such as wheezing and swollen heads. The
viral HA segment (AY296085, henceforth referred to as
Tx02HA), shares homology with low pathogenic virus (16).
It hence makes an ideal challenge strain. On the other hand, an
avirulent influenza A virus can be generated from a single
expression vector encoding Tx02HA and Tx02NA (NA seg-
ments derived from Tx02 virus) segments and the remaining
6 segments from a mouse adapted influenza virus, such as the
WSN virus.

Based on these considerations, the Tx02HA and Tx02NA
genes were amplified from influenza A virus (A/chicken/TX/
167280-4/02(H5N3) by RT-PCR and cloned between CPI
and MTI in the p15A ori plasmids pYA4591 and pYA4592 to
generate plasmids pYA4593 and pYA4592-Tx02NA. The
CPI-Tx02HA-MTI cassette was amplified from pYA4593 to
replace the WSN HA cassette in pYA4519 to obtain plasmid
pYA4693. The CPI-Tx02NA-MTI cassette was amplified
from pYA4592-Tx02NA to replace the WSN NA cassette in
pYA4693 to obtain plasmid pYA4929 (FIG. 12A). Subse-
quently, the cat and kan markers in pYA4929 were replaced
with aroA cassette derived from pYA4784 which is p15A ori
based AroA* vector. The resulting plasmid was designated as
pAY4930 (FIG. 12B). Both pYA4929 and pYA4930 were
designed to yield an avian influenza virus of low pathogenic-
ity suitable for immunization of poultry. In other applications,
the sequence encoding the influenza virus could be modified
to attenuate the strain’s ability to cause disease symptoms
without eliminating or adversely altering its immunogenicity,
such that the immunized bird (animal) develops protective
immunity against influenza virus.

Another feasible alternative is to directly inject this plas-
mid construct into the target host using a gene gun to also
result in the generation of live attenuated influenza virus,
which can also stimulate a protective immune response
against other related pathogenic strains of influenza virus.

One can also vaccinate in ovo either by directly injecting
the plasmid DNA into the embryonated chicken eggs or by
bacterial carrier-mediated delivery to generate live attenuated
influenza vaccine. Viral yield by direct injection of the plas-
mid DNA is at least 1000-fold lower than that obtained by
delivering the plasmid construct via a bacterial carrier.

Example 11
Ongoing Studies

Our laboratory has earlier constructed a “lysis-vector”
pYA3681 (FIG. 13) for the regulated delayed lysis system
(15). This vector can be used in conjunction with any Sa/mo-
nella strain containing asd and AP,,,,.,::TT araC P, , murA
mutations, as seen in both strain genotypes described below.
Three different derivatives of pYA3681 have been con-
structed by replacing the origin of replication: pSC101 ori
(pYA4595, FIG. 13B), p15A ori (pYA4589, FIG. 13C), and
pUC ori (pYA4594, FIG. 13D). Each of these plasmids can
complement the AasdA27::TT araC P, c2 and AP, s
TT araC Py, ,, murA mutations in a Salmonella strain to form
a regulated delayed lysis in vivo system. For example, a
Salmonella strain carrying such a plasmid can be cultured in
LB medium supplemented with 0.2% arabinose, and behaves
as a wild-type strain in terms of colonization and invasion of
the host. The AaraBAD23 mutation in turn compromises the



US 9,163,219 B2

35

ability of the bacterium to metabolize arabinose. Replication
of bacteria in the absence of arabinose (conditions encoun-
tered in vivo) causes cessation in synthesis of Asd and MurA
enzymes, which are continuously diluted at each cell division.
This ultimately results in lysis of the strain and release of the
bacterial cell contents, including the plasmid expression vec-
tor DNA, into the host cell cytoplasm. Compared to the direct
lysis system (Examples 6, 8 and 9), the regulated delayed
lysis in vivo system can improve Salmonella-mediated plas-
mid delivery in vivo. The plasmids with different copy num-
bers allow one to pre-select the timing (number of cell divi-
sions) for Salmonella cells to begin lysing after animal
inoculation/immunization.
Vaccine Strain:
We have generated various Salmonella Typhimurium
strains listed below. We are proposing to introduce ArecA62
or ArecF126 into some strains to enhance stable maintenance
of the expression vector. In other cases, we need to add
AsifA26 or AendA2311 to enable escape from the endosome
or prevent endonuclease cutting of released plasmid DNA,
respectively. In other cases, the AaroA21426 mutation is
added to maintain the single 8-unit plasmid specifying syn-
thesis and assembly of influenza virus.
% 11017: AasdA27::TT araC P, ¢2 AaraBAD23 A(gmd-
fc1)-26 Apmi-2426 ArelA198::TT araC Pz, lacl TT
AP, 425 TT araC Py, ,, murA

%11020: AasdA27::TT araC P, ¢2 AaraBAD23 A(gmd-
fcl)-26 Apmi-2426 ArelA198::TT araC Pg,,, lacl TT
AP, 455 TT araC Py, ,, murA AaroA21319

%11228: AasdA27::TT araC Py, c2 AP, ,»sTT araC
Pg,p murA AaraBAD23 A (gmd-fcl)-26 ArelA198::
araC Pz, lacl TTApmi-2426 AtlpA181 Assel.116
%11326: AasdA27::TT araC Py, c2 AP, ,»sTT araC
Py, pmurA AaraBAD23 A(gmd-fcl)-26 Arel A198::araC
Pz, lacl TTApmi-2426 AtlpA181 AsselL116 AsifA26

% 11327: AasdA27::TT araC Py, c2 AP, 1552 TT araC
Py, pmurA AaraBAD23 A(gmd-fcl)-26 Arel A198::araC
Pg.p lacl TTApmi-2426 AtlpA181 AsselL116 AP,
P Aecosss DA AsifA26

%11233: AasdA27::TT araC Py, c2 AP, ,»sTT araC
Pg,p murA A(araC Pg,,,)-5::P22 P, araBAD A(gmd-
fcl)-26  ArelA198::araC Py, lacl TT Apmi-2426
AaroA21419 APy, P, aAzecosss 1A

Vaccine Vector:

We have constructed a 8-unit plasmid pYA4930 with a
wild-type aroA cassette (FIG. 12). This will serve two pur-
poses: a) complementation of the AaroA21419 mutation in
% 11020, and b) stable maintenance of pYA4930 in %11020.
AroA is an essential enzyme for the synthesis of various
aromatic amino acids and vitamins, hence survival of the
Salmonella strain with an AaroA mutation requires amino
acid and/or vitamin supplements in the growth medium.
Alternatively, the mutation can be complemented by provid-
ing the gene on a plasmid. Here we chose to clone the aroA
cassette in the 8-unit plasmid pYA4693, so that, the obligate
requirement of the AroA enzyme (in the absence of external
aromatic acid supplementation) would ensure stable mainte-
nance of the expression vector in the strainy11020. Addition-
ally, we have truncated the NS1 gene which could be included
in plasmid pYA4930 to attenuate the virus if necessary.
Although the likelihood of this plasmid to produce a high
pathogenic influenza virus is minimal (see Example 10).

The %11020-derived strain with recA deletion (or recF
deletion) will be harbored with plasmid pYA4930 and one of
the lysis vectors (pYA3681, pYA4589, pYA4595, or
pYA4594), so that the regulated lysis of the bacterial carrier
will mediate the delivery of plasmid pYA4930.
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Vaccination:

Chickens will be vaccinated with the above described
recombinant strains via three different routes; intranasally,
orally, or intramuscularly. The influenza A virus (A/chicken/
TX/167280-4/02(H5N3)) is an isolate from White Leghorn
chickens. It causes clinical signs, such as wheezing and swol-
len heads, and belongs to a low pathogenic avian influenza
virus (16). This virus will be used to challenge the immunized
chickens to evaluate the protection efficiency (clinical symp-
toms and virus shielding).
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Sequences of this Study.

Influenza A Virus Genes.

All influenza A/WSN/33 virus genes were derived from
plasmid pTM-Poll-WSN-All (A gift from Dr. Yoshihiro

27. Ozaki, H., E. A. Govorkova, C. Li, X. Xiong, R. G. Kawaoka, University of Wisconsin—Madison). The
Webster, and R. J. Webby. 2004. Generation of high-yield- sequence of each gene was listed as following.
>PB2 (SEQ ID NO: 49)
1 agcgaaagca ggtcaattat attcaatatg gaaagaataa aagaactaag
gaatctaatyg
61 tcgcagtcete gcactcgega gatactcaca aaaaccaccg tggaccatat
ggccataatce
121 aagaagtaca catcaggaayg acaggagaag aacccagcac ttaggatgaa
atggatgatg
181 gcaatgaaat atccaattac agcagacaag aggataacgg aaatgattee
tgagagaaat
241 gagcagggac aaactttatg gagtaaaatyg aatgacgccyg gatcagacceyg
agtgatggta
301 tcacctetgg ctgtgacatg gtggaatagyg aatggaccayg tgacaagtac
agttcattat
361 ccaaaaatct acaaaactta ttttgaaaaa gtcgaaaggt taaaacatgg

aacctttgge



421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

cctgtecatt
tcectggteat

gcagatctca
ccctaacgaa

gtgggagceca
gaagaaagaa

gaactccagg
gagagaactg
gtcegcaaaa

cattgaagtg

ttgcatttga
ggaggcgagg

aatgatgatg
aagagccaca

gtatcagcag
gattggtgga
ataaggatgg
ggatatttge

aaggctgcaa
cacatttaag

agaacaagcg
tcttecagaca

ttgaagataa
aagagcaaca

gctatactca
gagagacgaa
cagtecgattg
ttgtatgata

aaagcagtta
gaatcccatg

caccaacttt
ttggggaatt

gaatccatcg
tccaagecacce

gagatgtcaa
ttecagegeyg

gagaagatag
tgggaatgta

ctactgtecte
aataacttac

tcategtcaa
tacctatcag

tggatcatca
tacaatgctg

tacaataaaa
tagaggccaa

tacagtgggt
gacatttgat

accgetcaga
aagtagaacg

cagttctect
tgtaaggggce

aattcteccag
cggaaaggat

39

-continued

ttagaaacca

gtgccaaaga

ggatactaac

gttgcaaaat

cgagattect

cccaaggaac

ttgatcaaag

atccactagce

taaacatcct

tgggactgag

gatcatcagt

gagtacatga

gaaaagcaac

ccgaagecaat

gaggtgacct

tgagacattt

acaatgtgat

tgagaggagt

tggtgagcat

ccgaggagat

tgatgtggga

gaaactggga

tggaatttga

ttgtgagaac

taataaaact

cattgactat

tattcaacta

agtcaaaata

ggcacaggat

atcggaateg

ttetectety

cccagtgget

atgctgggaa

cttaattatt

atctttattg

taggcagaac

aattagctca

caagagagag

gggatatgaa

caggagattg

aattgtggec

gaatttcgte

tcagaaggat

gggaatgatc

gagaatcagce

tgaccgtttt

cagtgaaaca

gattaatggt

aactgttaaa

gccattteag

tctgttecaa

tctteectte

aaatgtgagg

caacaagacc

US 9,163,219 B2

cgtegaagag

gtaatcatgg

caactaacga

atggtggcat

ggtggaacaa

cagatgtaca

gctgctagaa

gagatgtgce

ccaacagaag

tcetteagtt

gaagaggtge

gagttcacaa

attcagetga

atggtatttt

aatagggcga

gcaaaggtge

gggatattge

aaaatggggg

ttgagagtta

cagggaacag

cctgaatcag

attcagtggt

tctttagttce

caaatgaggg

gcagcegete

ggatcaggaa

actaaaagac

ttgacataaa

aagttgtttt

caaccaaaga

acatgttgga

gcagtgtgta

ctccaggagyg

acatagtaag

acagcacgca

agcaagcegt

ttggtggatt

ttacgggcaa

tggttgggag

tagtgagtgg

cacaagagga

atcagcgatt

tctttcaaaa

ccgacatgac

tagatgagta

gggaccaacg

agaaactgac

tgttggtcaa

cccagaatec

caaaggcegt

atgtgettgg

caccaaagca

tgagaatact

tcacagttet

40



2041

2101

2161

2221

2281

2341

>PB1

gcetggeecett
cgecagttetyg

agaggattcc
aagcataaat

gaactgagca
aggagacgtyg

gtgttggtaa
gacagcgacce

aaaagaattc
ttgtttctac

t

(SEQ ID NO:

41

-continued

taactgaaga

tcattetggyg

accttgegaa

tgaaacggaa

ggatggccat

50)

1 agcgaaagca ggcaaaccat

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

cttaaaagtg

ccagcacaaa
ttacageccat

gggacaggaa
ctcagaaagg

ggaagatgga
tgatgggecca

ctgecagaag
ggaagcaatg

gecttectty
aacgatggag

gttgttcage
tgactggact

ctaaatagga
gttcagatca

aatggcctcea
tgtaatggag

tcaatgaaca
acgagtgaga

gacaatatga
gcagagattyg

aacaaaagga
agatgctgag

agagggaagc
ggggtttgta

tactttgttg
aggattgcca

gttggaggca
gatgaccaat

tctecaggaca
gaacgaaaat

cagaacccte
gcccgaatgyg

ttcagaaatg
gagactggga

aaggggtaca
tgcagaaatg

ctagcaagca
tgaaaaaatc

cggeegetet
gggcatgtte

atgctataag

caggatacac

caacaaacac

acaatgaacc

aggaatccca

aaacacgagt

accagectge

cggecaatga

aagaagaaat

ctaagaaaat

gttatctaat

taaaacggag

agacactagc

atgagaagaa

ctgaaatttce

ggatgttttt

ttctaagtat

tgtttgagag

tcgatttgaa

taatagatgg

cccagatgaa

caaagaagac

aggagagaag

acggaactct

caattagtgt

ttgaatggat

cacaactttce

catggatact

cgaaactgga

aagtggttat

tcctggtatce

ggacaagctyg

tgcaacagca

atctggaagg

ggagatcaca

ggtgacacag

tagggcatta

agcaattgca

aaggagtata

agcaaagttg

tttcaccatc

ggccatgatce

tgctecaata

caagagtatg

atacttcaat

gactgcatca
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ggcacagcetyg

aggagatatg

gctaatgtge

agcatactta

cgaatagttt

gtcaatccga

ccttatactg

gtcaacagga

gcaccgcaac

gcccaaacag

tttgagacct

acacaaggcc

ttggccaaca

ctcatagact

actcattttce

agaacaatag

accctgaaca

accccaggga

tgtgagaaac

gcaaatgttyg

actggagata

acatatataa

atgttctcaa

aaaattagaa

gattcaacta

ttgagecectyg

gagttgagtc

gaccagcatt

taattgggeca

ctgacageca

aaaaacgacc

ctttactttt

gagaccctee

cacatcagta

tcaacccgat

attgtgtatt

cgtgtettga

gacagaccta

caatagaagt

tccttaagga

agagaaagag

gtaaaaggaa

caatgaccaa

tgcaaataag

ttgaacaatc

taaggaagat

acaccaaatg

ccagaaatca

acaaaatggc

ctcaaatacc

gaaagaagat

gaatgatgat

42



1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

>PA (SEQ ID NO:

1

61

121

181

241

301

361

421

aatatgttaa
gagacacacc

aagactactt
gattgtgaat

gcacccaatce
ctgtaagcta

cttggaatta
atttgaatte

acaagttttt
tceccagettt

ggggtgtcetg
catcaaaaac

aatatgataa
gctgtteate

aaagattaca
aacccgaaga

tcatttgaaa
gcetggtetee

gacggaggcec
ctgettgaaa

tgggaattaa
ccecatttgte

aaccataaag
tggtecagec

aaaaacatgg
aagaaatcga

tccatcttga
ccaaaagtgce

tgcaacttat
cgggatatec

agtatggtgg
tttcgaatct

ggaaggataa
cattgaagag

ctecagacggce
ttgtttctac

t
agcgaaagca
caatccgatg

attgtcgagce
aatcgaaaca

aacaaatttg
agattttcac

ttcatcgatg
tgcacttttg

aagcacagat
agtaataaac

agtatttgca
gtatgattac

aagaagaata
atactatctg

gaaaaggcca
attcactggg

43

-continued

gtactgtatt

actggtggga

atgaagggat

atatgagcaa

tctategtta

ggatcaacga

acaatgatct

ggtacacgta

taaagaaact

caaatttata

tggatgagga

acattgaatc

agtatgatgce

atacaagcca

ttgaaaaatt

aggctatggt

agaaagagga

aaaaatagtg

51)

ggtactgatt

ttgcggaaaa

cagcaatatg

agcaaggcga

ttgaaataat

acactacagg

gattcatcga

ataaaattaa

aggcgtetec

tggtcttcaa

tcaagcegga

gaaaaagtct

tgggtttgtt

gtctgeggac

tggteccagea

cceggtgecat

gtgggagcaa

caacattaga

ttaccagggyg

agtgaacaat

tgttgcaaca

aagaggaata

ctteeccage

ttccagagec

gttcactgag

aatttagett

caaaatggaa

ggcaatgaaa

cactcacttg

gtcaatagtc

cgagggaaga

ggctgagaaa

aattggagta

atctgagaag

US 9,163,219 B2

atcctgaatc

tcttetgatg

gtcaacaggt

tacataaaca

gccaatttca

atgagtattg

accgctcaaa

agaggtgaca

acccattcca

aatctccaca

cgtttatgea

gcagtgataa

acacactcct

cttgaagatg

agttcataca

cgaattgatg

atcatgaaga

gtcctteatg

gattttgtge

gagtatggag

gaagtgtgcet

gtagaacttyg

gatcgcacaa

ccaaagttte

acaaggagag

acacacatcc

ttggacaaaa

attttgetet

tttatcgaac

gaacaggtac

gcatggaget

gagttactgt

tggcecttea

cacaaataca

aagctggact

ttcctgaagt

acccactgaa

tgccagcaca

ggatccccaa

aacaaatgta

gaagaccagt

cacgaattga

tctgttecac

aaaaaatgcc

gacaatgcett

aggacctgaa

tcatgtattc

gcgatccaaa

tagcctggac

taccagattt

aagttcacat

acattttctce

44



481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

gaggaaatgg
taggatcaaa

accaggctat
ttectttegt

cagteccgaga
aacaatgcgce

aagcttgeeg
tagagcctat

gtggatggat
gtccaaagaa

gtaaatgcta
actteceggat

gggecteect
attaagcatt

gaggacccaa
atgcatgaga

acattetttyg
aataaatcca

aattatcttce
gaatgaggag

aaaattccaa
acttggtgag

aacatggcac
tttgaagcaa

tatgatagtg
tgagttcaac

aaggcatgtg
agaagatgeg

gctecaatty
ggtgtctcat

tgcagagcca
gcttaatgea

tceectgtgeag
tagaactaag

gagggaaggce
ccacttaagg

aatgacaccyg
cccaagactt

gaaccacaca
tctaagaagt

gccataggec
aacctcaaaa

attaaaatga
tcaacaaatc

gagagtatga
agagttettt

gaaaacaaat
ggaaggttce

attgggaagg
gtatgcatct

ccacaactag
tcaggetett

agggacaacc
aattgaggag

45

-continued

ccacaaaggc

tcaccataag

gaggcgaaga

accaaagtct

tcgaaccgaa

gaattgaacc

gttctecageyg

gtcatgaggg

gatggaagga

tgtcatggaa

ggactaaaaa

cagaaaaggt

atgaaccaga

aactgaccga

aacacattgc

cagaatacat

caatggatga

gaaagaccaa

atgtggtaaa

aatgggagaa

atgtgtcaag

aatgggggat

ttgaagetga

cagaaacatg

tctgecagaac

aaggattttc

tggaacctgg

cgactacact

acaagaaatg

gacaattgaa

cccgccaaac

cggctacatt

ttttttgaaa

gtccaaattce

agaggggata

acccaatgtt

gcaagtactyg

tatgaagaaa

agactttgac

attgaggteg

ttcaagetgg

aagcatgaga

aatgaagggg

tttccaatta

tttgtacggt

ctttgtgage

gtactgtgtt

gcctatgtte

ggaaatgagg

gtecctetgte

gceegttgga

tttattggeca

agctgaatca

gacctttgat
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ctcgatgaag

gctagcagag

gaaagatttyg

ttctecagee

gagggcaagc

tcaacaccac

ctgectgatgg

ccgetatatg

gttaaaccac

gcagaactge

acgagtcagt

gattgtaaag

cttgcaagtt

atagagcteg

aggaattatt

gtgtacatca

attccaatga

ttcatcataa

atggagtttt

cttgaggtag

ttgtatgtga

cgttgectec

aaggagaaag

gagtccceca

aagtcggtat

agaaaactgc

cttggggggce

aaagcagggc

gcectetggga

aaatcacagg

ttgaaaaatt

tttctcaaat

gaccacttag

atgccttaaa

atgcaatcaa

acgaaaaggg

aggacattga

taaagtgggce

atgtaggcga

ggattcagaa

atgagattgg

tcacagcaga

atactgeett

taagcaagtg

aaggaagatc

cccteactga

gagatatgct

ggacaaatgg

ttcagtcact

acatgaccaa

aaggagtgga

tcaacagett

ttettategt

tatatgaagc

46
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47

-continued
2101 tgcctgatta atgatccctg ggttttgett aatgecttett ggttcaacte
cttectecaca

2161 catgcattga gatagttgtg gcaatgctac tatttgctat ccatactgtce
caaaaaagta

2221 ccttgtttet act
>NP (SEQ ID NO: 52)
1 agcaaaagca gggtagataa tcactcacag agtgacatcyg aaatcatggce

gaccaaaggce

61 accaaacgat cttacgaaca gatggagact gatggagaac gccagaatge
cactgaaatc

121 agagcatctg tcggaaaaat gattgatgga attggacgat tctacatcca
aatgtgcacc

181 gaacttaaac tcagtgatta tgagggacgg ctgattcaga acagcttaac
aatagagaga

241 atggtgctct ctgcttttga cgagaggagg aataaatatc tagaagaaca
tcccagtgeyg

301 gggaaagatc ctaagaaaac tggaggacct atatacagga gagtagatgg
aaagtggagg

361 agagaactca tcctttatga caaagaagaa ataagacgaa tctggcgeca
agctaataat

421 ggtgacgatyg caacggetgg tcetgactcac atgatgatct ggcactccaa
tttgaatgat

481 gcaacttacc agaggacaag agctcttgtt cgcacaggaa tggatcccag
gatgtgctca

541 ctgatgcagg gttcaaccct ccctaggagg tctggggeeg caggtgetge
agtcaaagga

601 gttggaacaa tggtgatgga attgatcaga atgatcaaac gtgggatcaa
tgatcggaac

661 ttctggaggg gtgagaatgg acggagaaca aggattgctt atgaaagaat
gtgcaacatt

721 ctcaaaggga aatttcaaac agctgcacaa agaacaatgg tggatcaagt
gagagagagc

781 cggaatccag gaaatgctga gttcgaagat ctcatctttt tagcacggtce
tgcactcata

841 ttgagagggt cagttgctca caagtcctgce ctgecctgect gtgtgtatgg
atctgcegta

901 geccagtggat acgactttga aagagaggga tactctctag tcggaataga
cecttteaga

961 ctgcttcaaa acagccaagt atacagccta atcagaccaa atgagaatcc
agcacacaag

1021 agtcaactgg tgtggatggc atgccattct getgcatttg aagatctaag
agtatcaagc

1081 ttcatcagag ggacgaaagt ggtcccaaga gggaagcttt ccactagagg
agttcaaatt

1141 gcttccaatg aaaacatgga gactatggaa tcaagtaccc ttgaactgag
aagcagatac

1201 tgggccataa ggaccagaag tggagggaac accaatcaac agagggcttce
ctcegggecaa

1261 atcagcatac aacctacgtt ctcagtacag agaaatctcc cttttgacag
accaaccatt

1321 atggcagcat tcactgggaa tacagagggg agaacatctg acatgagaac
cgaaatcata

1381 aggctgatgg aaagtgcaag accagaagat gtgtctttcc aggggcgggy
agtcttegag



1441

1501

1561

>HA (SEQ ID NO:

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

taatgaagga

tcttatttet
acccttgttt

ctact

agcaaaagca
gtcetgttat

atgcatttgt
aacaactcaa

ccgacactgt
gttaacctge

tcgaagacag
ctacaattgg

ggaaatgtaa
ctgettecag

cgagatcatg
tgttatccag

gagatctcat
tcattagaaa

gattcgaaat
ggagtaacag

tatcatgetce
ctgacgaaga

agggggattc
aaagaagtcc

ttgtactatg
ctctatagta

atggaaatgc
accceggaaa

tagctgecaag
tggaccttge

tagaacccgg
ccatggtatg

ctttegeact
tcaatgecatg

agtgtaacac
cctttecaga

atatacaccc
aaattgagga

tggttacagg
ggagccattyg

ctggttttat
tatcatcatc

agaatgaaca
gccattaacy

ggattacaaa
acagetgtgg

gtaaagaatt
gttgatgatg

ggtttctgga
aatgaaagga

ctttggattt
agccaattaa

49

-continued
ctctcggacg aaaaggcaac gagcccgatc

tceggagacaa

53)

ggggaaaata

agctacagat

tgacacaata

ccacaacggg

catcaccgga

gtcctacatt

cgactatgag

atttcccaag

ccatagggga

atacccaaag

gggtgttcat

ttatgtctet

gcccaaagta

agacacaata

gagtagaggg

gaagtgtcaa

agtcacaata

actaagaaac

tgagggggga

gggatcaggc

caaggtgaac

caacaactta

catttggaca

ccatgactta

tgcagaggag

aaaacaacca

gcagacacaa

ctcgagaaga

aaactatgta

tggctettgg

gtagaaacac

gaactgaggg

gaaagttcat

aaaagcagtt

ctgaccaatt

caccegteta

gtagcgtett

agagatcaac

atatttgagg

tttgagtceg

acaccccagg

ggagagtgcc

atcccatcca

tggactggaa

tatgcagegyg

tctgttateg

gaaaaaagga

tataatgcag

aatgtgaaga
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gtgcectect

tacgacaatt

aaatgaaggc

tatgtatagg

atgtggecagt

aattaaaagg

gaaatccaga

caaactctga

agcaattgag

ggcccaacca

tttacagaaa

cctatgtgaa

gcagtgatga

caaattataa

atgggaggat

caactggtaa

gcatcatcac

gagctataaa

caaaatatgt

ttcaatacag

tgatagatgg

atcaaaaaag

agaaaatgaa

tggaaaattt

aattgttagt

atctgtacga

ttgacatgag

aaagaaaaat

aaaactactg

ctaccatgeg

gacacattct

aatagcccca

atgcgactca

gaatggagca

ctcagtatca

cacattcaac

tttgctatgg

caataaaggg

gcaacagagt

caggagattc

gaactattac

tctaatagea

ctcaaacgeyg

cagcaatctce

caggagtacc

aggtctattt

atggtatggt

cacacaaaat

cactcaattc

aaataaaaaa

tctactggaa

gaaagtaaaa

50



1441

1501

1561

1621

1681

1741

agaataatgc
tgtgacaatg

aatgcatgga
gaagaatcaa

agttgaacag
tatcagattc

tggcgatcta
ggggcaatca

gtttctggat
gattaggatt

tcagaaatat

>NA (SEQ ID: 54)

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

agcgaaagca
ggtcaatctyg

tatggtagtc
caatatggat

tagccattca
aaggcagcat

tacctataaa
gcaattcatc

tetttgtece
gaattggttce

caaaggagac
tggaatgcag

gacctttttt
ggacctttaa

ggacagaagc
cgteecegta

caattcaagg
gaatgggcetyg

gctaacaatce
aatacaaccyg

cataataact
aagagtctga

atgtacctgt
gtgatgggct
ggcctegtac
tagagttgaa

tgcacctaat
aagtgatgtg

tgtgtgecaga
accaaaacct

agattataaa
gtcccaaaga

tggaacaggc
agggattttc

atataagtat
ccagacatgg

gtttgagatg
tctetatgag

acaagatgtt
ttcaacatcc

tgagctaaca
tcaggggget

51

-continued

caaagaaatc

aagtgtaaga

ggaaaagata

ctcaactgte

gtgttctaat

aaggaaaaac

ggagtttaaa

ggaataatta

attcaaaccyg

gttgttgetyg

atcegtgggt

gtttttgtca

ctgactcaag

ccttataggg

tttgaatcgg

ggaatttctyg

gaaaccataa

gtaaatggtt

aaaattttca

tcteactacy

gacaattgge

ataggataca

agetgtggec

ggcaatggtg

atttgggatc

gtggcaataa

gggctagact

ggaaatgggt

aatgggactt

gatggagtga

gccagtteac

gggtetttge

acccttgttt

tgaatccaaa

gcctaatatt

gaaatcaaaa

ggcaggactce

gggctataca

taagagagcc

gcegecttact

ccttaatgag

ttgcttggte

gtccagatga

aaagttggag

catgttttac

agatcgagaa

aggaatgttc

acggttegaa

tctgecagtgyg

cagtgtetge

tttggatagg

ctaatggatg

ctaatcggte

gtatgaggcce
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gttttgagtt

atgattatcc

aattggaatc

tggtgetttt

agtgcagaat

ctact

ccagaaaata

gcaaatagga

ccatactgga

aacttcagtg

cagcaaagac

ttttatttca

gaatgacaag

ctgeeetgte

agcaagtgca

tggagcagtg

gaagaatata

cataatgacc

ggggaaggtt

ctgttaccet

ccgaccatgg

ggtttteggt

tgatggagca

aaggactaaa

gacagagact

agggtacagc

ttgcttetgg

ctaccacaag

aaaatattca

aatgggggtg

ggtcteecty

atgcatctga

ataaccattg

aatataatct

atatgcaacc

atattaaccyg

aatggcataa

tgttcteact

cattcaaggg

ggtgaagctce

tgtcatgatg

gctgtattaa

ttgagaacac

gatggcccaa

actaaatcga

gataccggca

gtgtcetteg

gacaacccge

aacggagtaa

agtgacagtt

gatagtaggt

ggaagtttcg

gttgaattaa

52
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-continued
1261 acctgaggag gacgcaatct ggactagtgg gagcatcatt tctttttgtg
gtgtgaatag

1321 tgatactgta gattggtctt ggccagacgg tgctgagttg ccgttcacca
ttgacaagta

1381 gtttgttcaa aaaactcctt gtttctact
>M (SEQ ID NO: 55)
1 agcaaaagca ggtagatatt gaaagatgag tcttctaacc gaggtcgaaa

cgtacgttet

61 ctctategte cegtcaggece ccctcaaage cgagatcgca cagagacttg
aagatgtctt

121 tgcagggaag aacaccgatc ttgaggttct catggaatgg ctaaagacaa
gaccaatcct

181 gtcacctctg actaagggga ttttaggatt tgtgttcacg ctcaccgtge
ccagtgageg

241 gggactgcag cgtagacgcet ttgtccaaaa tgctcttaat gggaacggag
atccaaataa

301 catggacaaa gcagttaaac tgtataggaa gcttaagagg gagataacat
tccatgggge

361 caaagaaata gcactcagtt attctgctgg tgcacttgcce agttgtatgg
gcctecatata

421 caacaggatyg ggggctgtga ccactgaagt ggcatttgge ctggtatgeg
caacctgtga

481 acagattgct gactcccage atcggtctca taggcaaatg gtgacaacaa
ccaatccact

541 aatcagacat gagaacagaa tggttctagc cagcactaca gctaaggcta
tggagcaaat

601 ggctggatcg agtgagcaag cagcagaggc catggatatt getagtcagg
ccaggcaaat

661 ggtgcaggcg atgagaaccg ttgggactca tcctagetece agtgetggte
taaaagatga

721 tcttcttgaa aatttgcagg cctatcagaa acgaatgggg gtgcagatge
aacgattcaa

781 gtgatcctct cgtcattgca gcaaatatca ttggaatctt gcacttgata
ttgtggattc

841 ttgatcgtct ttttttcaaa tgcatttatc gtcgctttaa atacggtttg
aaaagagggc

901 cttctacgga aggagtgcca gagtctatga gggaagaata tcgaaaggaa
cagcagaatg

961 ctgtggatgt tgacgatggt cattttgtca acatagagct ggagtaaaaa
actaccttgt

1021 ttctact
>NS (SEQ ID NO: 56)
1 agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagc

tttcaggtag

61 attgetttet ttggcatgte cgcaaaagag ttgcagacca agaactaggt
gatgccccat

121 tecttgateg gettegecga gatcagaagt ccctaagagg aagaggcage
actcttggte

181 tggacatcga aacagccacc cgtgctggaa agcaaatagt ggagcggatt
ctgaaggaag
241 aatctgatga ggcactcaaa atgaccatgg cctctgtacce tgcatcgege

tacctaactg

301 acatgactct tgaggaaatg tcaaggcact ggttcatget catgcccaag
cagaaagtgg



361

421

481

541

601

661

721

781

841

caggeectet
atactgaaag

cgaacttcag
gectteaccey

aagaggggac
catactgatg

aggatgtcaa
aataacacag

ttegagtete
aatgggagac

ctecactcac
gaagtttgaa

gaaataagat
gaatagtttt

gagcaaataa
agagataaga

actttetegt

Plasmid Sequences

1. Plasmid pYA4379
Ampicillin resistance gene

55

-continued

ttgtatcaga

tgtgattttt

aattgttgge

aaatgcagtt

tgaaactcta

tccaaaacag

ggttgattga

catttatgeca

ttcagettat

BGH polyA signal 1433
CMV promoter 232

Neomycin resistance gene

819

pUC ori complement (4022
Chicken Poll promoter (CPI):

Murine Poll terminator (MTI):

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

gacggatcgg

ccgeatagtt

cgagcaaaat

ttagggttag

gattattgac

tggagttceg

ccegeccatt

attgacgtca

atcatatgec

atgcccagta

tcegetattac

actcacgggyg

aaaatcaacg

gtaggcgtgt

ctgettactg

gtgtcgeeey

tgctectaca

actaccggea

attacagcga

gagatctcce

aagccagtat

ttaagctaca

gegttttgeg

tagttattaa

cgttacataa

gacgtcaata

atgggtggag

aagtacgccc

catgacctta

catggtgatg

atttccaagt

ggactttcca

acggtgggag

gcttatcgaa

gagtactggt

gacgaacata

geggetecga

cgectetgge

(amp) :
1657

atggaccagg

gaccggctgg

gaaatttcac

ggggtectca

cagagatteg

aaacggaaaa

agaagtgaga

agccttacaa

ttaataataa

(SEQ ID NO: 57

(neo) : 2541

4692)

US 9,163,219 B2

cgatcatgga

agactctaat

cactgeecte

tceggaggact

cttggagaag

tggcgggaac

cacagactga

ctattgcttyg

aaaacaccct

complement (4837

3335

complement (968

901

gatccectat

ctgeteectyg

acaaggcaag

ctgettegeyg

tagtaatcaa

cttacggtaa

atgacgtatg

tatttacggt

cctattgacy

tgggacttte

cggttttgge

ctccaccceca

aaatgtegta

gtctatataa

attaatacga

cgacctecga

taaggcatcc

cggcagecga

agcteeggag

941

ggtgcactct

cttgtgtgtt

gcttgaccga

atgtacgggce

ttacggggtc

atggceegec

ttcccatagt

aaactgeccca

tcaatgacgg

ctacttggea

agtacatcaa

ttgacgtcaa

acaactcege

gcagagctet

ctcactatag

agttgggggg

gaaaaaaacg

ggtttaccte

ctgtagegec

taagaacatc

attactaagg

tcttecagga

tgaatggaat

cagtaatgag

aattaggtca

agataacaga

aagtggagca

tgtttctact

5697)

1382)

cagtacaatc

ggaggtcgct

caattgcatg

cagatatacg

attagttcat

tggctgaceyg

aacgccaata

cttggcagta

taaatggccc

gtacatctac

tgggcgtgga

tgggagtttg

cccattgacy

ctggctaact

ggagacccaa

gagcagcagyg

ttctagteee

gacgtaactyg

cccecececaca

tgctctgatg

gagtagtgceg

aagaatctge

cgttgacatt

agcccatata

cccaacgacc

gggactttee

catcaagtgt

gcectggeatt

gtattagtca

tagcggtttyg

ttttggcacc

caaatgggceg

agagaaccca

gcetggetage

tggtaccacc

ataggcgecg

gaggtacaaa

gecagagegy

56



1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

ccaagacaat

ctetagecge

tceecgagacge

gtgccegecey

gaaagggcga

tctagttgec

gccacteeca

tgtcattcta

aatagcaggc

tggggctcta

gtggttacge

ttcttecctt

ctecctttag

ggtgatggtt

gagtccacgt

teggtetatt

gagctgattt

gtggaaagtc

cagcaaccag

atctcaatta

cgeccagtte

ccgaggecge

taggcttttyg

caggatgagg

cttgggtgga

cegeegtgtt

ceggtgecct

gegttectty

tgggcgaagt

ccatcatgge

accaccaagc

atcaggatga

tcaaggegeyg

cgaatatcat

tggcggaccg

gegaatggge

tcegectteta

cgaccaageg

57

ccgaaacggyg
cgecgeggag
ceceggeageg
ggaccaggta
attctgecaga
agccatetgt
ctgtecttte
ttctgggggyg
atgctgggga
gggggtatcce
gcagcgtgac
cectttetege
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
ccecaggetec
gtgtggaaag
gtcagcaacc
cgeccattet
ctetgectet
caaaaagctc
ategtttege
gaggctatte
ceggetgtea
gaatgaactg
cgecagetgtyg
gecggggcag
tgatgcaatg
gaaacatcge
tctggacgaa
catgecegac
ggtggaaaat
ctatcaggac
tgacecgette
tegecttett

acgcccaacc

US 9,163,219 B2

-continued

gtagacctygyg

agcgegagac

accectagec

gaccgtteeg

aagcttaagt

tgtttgecee

ctaataaaat

tggggtgggg

tgcggtggge

ccacgegecc

cgctacactt

cacgttegec

tagtgcttta

gccategece

tggactecttyg

ataagggatt

taacgcgaat

ccagecaggea

tccecagget

atagtcecege

cegecceatyg

gagctattce

ccegggagett

atgattgaac

ggctatgact

gegeaggggce

caggacgagg

ctcgacgttyg

gatctectgt

ngngCth

atcgagegag

gagcatcagg

ggcgaggate

ggcecgetttt

atagegttgg

ctegtgettt

gacgagttct

tgccatcacyg

acgcggateg

ggtagcacce

geegeegecag

cegtgecceca

ttaaaccget

tcceccegtge

gaggaaattyg

caggacagca

tctatggett

tgtagecggeg

gccagegece

ggctttecee

cggcaccteg

tgatagacgg

ttccaaactg

ttgccgattt

taattctgtyg

gaagtatgca

cceccageagyg

ccctaactcece

gctgactaat

agaagtagtg

gtatatccat

aagatggatt

gggcacaaca

gcceggttet

cagcgegget

tcactgaagce

catctcacct

atacgettga

cacgtacteg

ggctegegee

tegtegtgac

ctggattcat

ctaccegtga

acggtatcge

tctgagcggg

agatttcgat

caagcegecc

gggtagaccg

cggagagacce

gccacctecyg

gatcagccte

cttecttgac

catcgeattyg

agggggagga

ctgaggcgga

cattaagegce

tagcgeeege

gtcaagctct

accccaaaaa

tttttegece

gaacaacact

cggectattg

gaatgtgtgt

aagcatgcat

cagaagtatg

gcccateecey

tttttttatt

aggaggcettt

tttcggatet

gcacgcaggt

gacaatcgge

ttttgtcaag

atcgtggetyg

dggaagggac

tgcteetgec

tceggetace

gatggaagcc

agccgaactg

ccatggegat

cgactgtgge

tattgctgaa

cgcteccgat

actctggggt

tccaccgeey

cggcagegac

ttcegeegtt

gagccggacy

cgaagcgacc

gactgtgect

cctggaaggt

tctgagtagyg

ttgggaagac

aagaaccagc

ggcgggtgtyg

tcettteget

aaatcggggg

acttgattag

tttgacgtty

caaccctatce

gttaaaaaat

cagttagggt

ctcaattagt

caaagcatge

ccecctaacte

tatgcagagg

tttggaggcec

gatcaagaga

tcteeggecy

tgctctgatg

accgacctgt

gccacgacgg

tggetgetat

gagaaagtat

tgcccatteg

ggtecttgteyg

ttegeccagge

gectgettge

cggetgggtyg

gagcttggcg

tcegcagegea

tcgaaatgac

ccttetatga
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3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

aaggttggge
tcteatgetyg
ataaagcaat
tggtttgtce
gagcttggeg
tccacacaac
ctaactcaca
ccagetgeat
tteegettec
agctcactca
catgtgagca
ttteccatagg
gcgaaacccg
ctetectgtt
cgtggegett
caagetggge
ctategtett
taacaggatt
taactacggc
ctteggaaaa
ttttgtttge
cttttetacg
gagattatca
aatctaaagt
acctatctcea
gataactacg
cccacgetea
cagaagtggt
tagagtaagt
cgtggtgtea
gcgagttaca
cgttgtecaga
ttctecttact
gtcattctga
taataccgeg
gcgaaaactce
acccaactga
aaggcaaaat
cttecttttt
atttgaatgt

gccacctgac

59

tteggaateg
gagttctteg
agcatcacaa
aaactcatca
taatcatggt
atacgagceg
ttaattgegt
taatgaatcg
tegeteactyg

aaggcggtaa

aaaggccagce
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-continued

ttttecggga

cccaccceccecaa

atttcacaaa

atgtatctta

catagetgtt

gaagcataaa

tgcgetcact

gccaacgege

actegetgeg

tacggttatc

aaaaggccag

cteegecceccee tgacgagea

acaggactat

cecgacectge

tctecataget

tgtgtgecacy

gagtccaacc

agcagagcga

tacactagaa

agagttggta

aagcagcaga

gggtctgacg

aaaaggatct

atatatgagt

gcgatetgte

atacgggagg

ceggetecag

cctgeaactt

agttegecag

cgetegtegt

tgatccecca

agtaagttgg

gtcatgeccat

gaatagtgta

ccacatagea

tcaaggatct

tctteageat

gccgcaaaaa

caatattatt

atttagaaaa

gte

aaagatacca

cgcttacegyg

cacgetgtag

aaccceeegt

cggtaagaca

ggtatgtagg

gaacagtatt

gctettgate

ttacgegeag

ctcagtggaa

tcacctagat

aaacttggtc

tatttegtte

gcttaccatce

atttatcagce

tatcegecte

ttaatagttt

ttggtatgge

tgttgtgcaa

ccgeagtgtt

ccgtaagatg

tgcggegacce

gaactttaaa

taccgetgtt

cttttacttt

agggaataag

gaagcattta

ataaacaaat

cgeeggetygyg
cttgtttatt
taaagcattt
tcatgtetgt
tcectgtgtga
gtgtaaagcce
gcecegettte
ggggagaggce
cteggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttece
atacctgtec
gtatctcagt
tcagceegac
cgacttateg
cggtgetaca
tggtatctge
cggcaaacaa
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggccecagt
aataaaccag
catccagtet
gcgcaacgtt
ttcattcage
aaaagcggtt
atcactcatg
cttttetgtg
gagttgctet
agtgctcatc
gagatccagt
caccagegtt
ggcgacacgg
tcagggttat

aggggttccg

atgatcctec

gcagcttata

ttttcactge

ataccgtega

aattgttatc

tggggtgcct

cagtcgggaa

ggtttgcgta

ngCthggC

ggggataacg

aaggcegegt

cgacgctceaa

cctggaaget

gectttetee

tcggtgtagg

cgectgegect

ccactggeag

gagttcttga

gctetgetga

accaccgetyg

tctcaagaag

cgttaaggga

taaaaatgaa

caatgcttaa

gcectgactee

gctgcaatga

ccagecggaa

attaattgtt

gttgccattyg

tceggttece

agcteetteg

gttatggcag

actggtgagt

tgcceggegt

attggaaaac

tcgatgtaac

tctgggtgag

aaatgttgaa

tgtctcatga

cgcacattte

agcgegggga
atggttacaa
attctagttg
cctetageta
cgctcacaat
aatgagtgag
acctgtegtyg
ttgggegete
gagcggtatce
caggaaagaa
tgctggegtt
gtcagaggtg
cectegtgeg
cttegggaag
tegttegete
tatccggtaa
cagccactgg
agtggtggec
agccagttac
gtagcggttt
atcctttgat
ttttggtcat
gttttaaatc
tcagtgagge
cegtegtgta
taccgecgaga
gggcecgageg
gccegggaage
ctacaggcat
aacgatcaag
gtcctecgat
cactgcataa
actcaaccaa
caatacggga
gttetteggy
ccactegtge
caaaaacagg
tactcatact
gcggatacat

cccgaaaagt

60
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-continued

2. Plasmid pYA4380 (SEQ ID NO: 58)

Ampicillin resistance gene (amp): complement (4191

BGH gene polyA signal 787 . . . 1011
Neomycin resistance gene (neo): 1895
pUC ori complement (3376 . . . 4046)
Murine Poll terminator (MTI): 255

2689

295

chicken RNA Poll promoter (CPI): complement (322

1 gacggatcgg gagatctccc gatcccctat

61 ccgcatagtt aagccagtat ctgctccctg
121 cgagcaaaat ttaagctaca acaaggcaag
181 ttagggttag gcgttttgcg ctgcttcgeg
241 gattattgac tagcgtgtcg cccggagtac
301 caggtggtac cacctgctcc tacagacgaa
361 tcccataggce gccgactacce ggcagcggct
421 actggaggta caaaattaca gcgacgcctce
481 cacagccaga gcggccaaga caatccgaaa
541 gccccggcag cgacctcetag ccgeecgecge
601 accgttcecgce cgtttcececgag acgccccggce
661 gaccgagccg gacggtgcecce gccgggacca
721 tccgcgaagc gaccgaaagg gcgaattctg
781 cctcgactgt gecttctagt tgccagcecat
841 tgaccctgga aggtgccact cccactgtcece
901 attgtctgag taggtgtcat tctattctgg
961 aggattggga agacaatagc aggcatgctg
1021 cggaaagaac cagctggggce tctagggggt
1081 gecgcggeggg tgtggtggtt acgcgcagceg
1141 ccgctecttt cgetttette ccttecttte
1201 ctctaaatcg ggggctcect ttagggttece
1261 aaaaacttga ttagggtgat ggttcacgta
1321 gccectttgac gttggagtcecce acgttcettta
1381 cactcaaccc tatctcggtce tattcttttg
1441 attggttaaa aaatgagctg atttaacaaa
1501 gtgtcagtta gggtgtggaa agtccccagg
1561 gcatctcaat tagtcagcaa ccaggtgtgg
1621 tatgcaaagc atgcatctca attagtcagce
1681 cccgcecccta actceccgecca gttecgecca
1741 tatttatgca gaggccgagg ccgcectctge
1801 cttttttgga ggcctaggct tttgcaaaaa
1861 atctgatcaa gagacaggat gaggatcgtt
1921 aggttctccg gecegcettggyg tggagagget
1981 cggctgctcet gatgccgecyg tgttececgget
2041 caagaccgac ctgtcecggtg cectgaatga

2101 gctggccacg acgggcgtte cttgcgcagce

ggtgcactct

cttgtgtgtt

gcttgaccga

atgtacgggce

tggtcgacct

catataaggc

ccgacggeag

tggcagetec

cggggtagac

dgagagcgeg

agcgaccect

ggtagaccgt

cagaaagctt

ctgttgtttyg

tttcctaata

ggggtggggt

gggatgcggt

atccccacge

tgaccgetac

tcegecacgtt

gatttagtge

gtgggccatce

atagtggact

atttataagg

aatttaacgc

ctceccagea

aaagtcccca

aaccatagtc

ttcteegece

ctctgageta

gcteceggga

tcegcatgatt

attcggetat

gtcagecgcag

actgcaggac

tgtgctegac

5051)

736)

cagtacaatc

ggaggtcgct

caattgcatg

cagatatacg

ccgaagttgg

atccgaaaaa

ccgaggttta

ggagctgtag

ctggacgcgg

agacggtagce

agcegecgec

tcegeegtge

aagtttaaac

ccecteccecece

aaatgaggaa

dgggcaggac

gggctetatyg

gcectgtage

acttgccagce

cgeeggettt

tttacggcac

gcectgatag

cttgttccaa

gattttgeeyg

gaattaattc

ggcagaagta

ggctccccag

cegecectaa

catggctgac

ttccagaagt

gcttgtatat

gaacaagatg

gactgggcac

dggcgceecgy

gaggcagege

gttgtcactyg

tgctctgatg

gagtagtgceg

aagaatctge

cgttgacatt

dggggageag

aacgttctag

cctegacgta

cgecececeecce

atcgcaagec

acccgggtag

gecgeggaga

cccagccacce

cgctgatcag

gtgccttect

attgcatcge

agcaaggggag

gcttetgagyg

ggcgcattaa

gcectagege

ccecegteaag

ctecgacceca

acggttttte

actggaacaa

atttecggect

tgtggaatgt

tgcaaagcat

caggcagaag

ctcegeccat

taattttttt

agtgaggagg

ccattttegyg

gattgcacge

aacagacaat

ttctttttgt

ggctategty

aagcgggaag

62



2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

ggactggcetg
tgccgagaaa
tacctgecca
agceggtett
actgttegec
cgatgectge
tggecggetyg
tgaagagctt
cgattegeag
gggttcgaaa
gcegecttet
ctecagegeyg
tataatggtt
ctgcattcta
tcgacctcta
tatcegetea
gcctaatgag
ggaaacctgt
cgtattggge
cggcgagegyg
aacgcaggaa
gegttgetygyg
tcaagtcaga
agcteecteg
ctecettegy
taggtegtte
gecttateey
gcagcageca
ttgaagtggt
ctgaagecag
gctggtageg
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
cteceegteyg
atgataccgce
ggaagggcecg
tgttgeceggy
attgctacag

tceccaacgat

63

ctattgggeg
gtatccatca
ttegaccacce
gtcgatcagyg
aggctcaagg
ttgcecgaata
ggtgtggegyg
ggcggcegaat
cgecategect
tgaccgacca
atgaaaggtt
gggatctcat
acaaataaag
gttgtggttt
gctagagett
caattccaca
tgagctaact
cgtgecaget
gctetteege
tatcagctca
agaacatgtg
cgttttteca
ggtggcgaaa
tgegetetec
gaagegtgge
gctecaaget
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegyg
gtttttttgt
tgatctttte
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtggt

caaggcgagt

US 9,163,219 B2

-continued

aagtgccggg
tggctgatge
aagcgaaaca
atgatctgga
cgegeatgec
tcatggtgga
accgctatca
gggctgaccey
tctategect
agcgacgeec
gggcttegga
gctggagtte
caatagcatc
gtccaaactce
ggcgtaatca
caacatacga
cacattaatt
gcattaatga
ttcectegete
ctcaaaggeyg
agcaaaaggc
taggcteege
ccecgacagga
tgttecgacce
gettteteat
gggctgtgtyg
tcttgagtec
gattagcaga
cggcetacact
aaaaagagtt
ttgcaagcag
tacggggtet
atcaaaaagg
aagtatatat
ctcagegatce
tacgatacgg
ctcaccgget
tggtectgea
aagtagtteg
gtcacgcteg

tacatgatcc

gcaggatctce

aatgcggegg

tcegcategag

cgaagagcat

cgacggcgag

aaatggecege

ggacatagcg

cttectegty

tcttgacgag

aacctgecat

ategttttec

ttecgeecace

acaaatttca

atcaatgtat

tggtcatagce

gceggaagcea

gegttgeget

atcggecaac

actgactege

gtaatacggt

cagcaaaagg

ccecectgacy

ctataaagat

ctgeegetta

agctcacget

cacgaacccc

aacccggtaa

gegaggtatg

agaagaacag

ggtagetett

cagattacgc

gacgctcagt

atcttcacct

gagtaaactt

tgtctattte

gagggcttac

ccagatttat

actttatceg

ccagttaata

tegtttggta

cccatgttgt

ctgtcatcte

ctgcatacge

cgagcacgta

caggggctcg

gatctegteg

ttttetggat

ttggctacce

ctttacggta

ttettetgag

cacgagattt

dggacgecegy

ccaacttgtt

caaataaagc

cttatcatgt

tgtttectgt

taaagtgtaa

cactgeeege

gegeggggay

tgcgecteggt

tatccacaga

ccaggaaceg

agcatcacaa

accaggegtt

ccggataccet

gtaggtatct

cegtteagec

gacacgactt

taggcggtgc

tatttggtat

gatccggcaa

gcagaaaaaa

ggaacgaaaa

agatcetttt

ggtctgacag

gttcatccat

catctggece

cagcaataaa

ccteccateca

gtttgcgcaa

tggctteatt

gcaaaaaagc

accttgetee

ttgatcegge

cteggatgga

cgccagecga

tgacccatgg

tcatcgactyg

gtgatattge

tegeegetee

cgggactetyg

cgattecace

ctggatgatc

tattgcagcet

atttttttca

ctgtataccg

gtgaaattgt

agcctggggt

tttccagteg

aggcggtttg

cgtteggetyg

atcaggggat

taaaaaggcc

aaatcgacge

tcccectgga

gtcegecttt

cagttecggtyg

cgaccgetge

atcgeccactyg

tacagagttc

ctgegetetyg

acaaaccacc

aggatctcaa

ctcacgttaa

aaattaaaaa

ttaccaatge

agttgectga

cagtgetgea

ccagecagec

gtctattaat

cgttgttgee

cagcteeggt

ggttagctce
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4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

3. Plasmid pYA4749

tteggtecte

gcagcactge

gagtactcaa

gcgtcaatac

aaacgttett

taacccactce

tgagcaaaaa

tgaatactca

atgagcggat

tttecececegaa

65

cgategttgt
ataattctct
ccaagtecatt
gggataatac
cggggegaaa
gtgcacccaa
caggaaggca
tactcttect
acatatttga

aagtgccacc

US 9,163,219 B2

-continued

cagaagtaag

tactgtcatg

ctgagaatag

cgegecacat

actctcaagg

ctgatcttea

aaatgcegea

ttttcaatat

atgtatttag

tgacgte

(SEQ ID NO: 59

Chloramphenicol resistance gene (cat):
pl5A ori: 581
GFP Gene: 1800

P,. promoter:
5ST1T2 terminator:

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

gaattccgga

gtgcttattt

ataggtacat

tatatcaacg

aaatctegat

ggaacctett

ggtatcaaca

ttattcggeg

gtttttgagg

acggggtggt

ggcttactat

aaggctgeac

actgactege

ggagatttce

agcegttttt

agtggtggcg

tegtgegete

gtttgtctca

tgtatgcacyg

gagtccaacc

agaggagtta

tgactgeget

cgaaaaaccyg

aaaacgatct

cgacagecatc

atgegeaccce

ttegetactt

1638

1429
2516

1740

2549

tgagcattca

ttctttacgg

tgagcaactg

gtggtatatc

aactcaaaaa

acgtgecgat

gggacaccag

caaagtgegt

tgctecagtyg

gcgtaacgge

gttggcactyg

cggtgegtea

tacgeteggt

tggaagatgc

ccataggetce

aaacccgaca

tectgttect

ttecacgect

aacccceegt

cggaaagaca

gtcttgaagt

cctecaagec

ceectgeaagyg

caagaagatc

gccagtcact

gttcteggag

ggagccacta

3052

tcaggcgggc

tctttaaaaa

actgaaatgc

cagtgatttt

atacgeceegg

caacgtctea

gatttattta

cgggtgatgc

gettetgttt

aaaagcaccyg

atgagggtgt

gcagaatatg

cgttegactyg

caggaagata

cgeeecectyg

ggactataaa

gcecttteggt

gacactcagt

tcagteegac

tgcaaaagca

catgegecgyg

agttaccteg

cggtttttte

atcttattaa

atggegtget

cactgtecga

tcegactacge

ttggcegeag
ccatcegtaa
tgtatgegge
agcagaactt
atcttaccge
gcatctttta
aaaaagggaa
tattgaagca

aaaaataaac

complement

aagaatgtga
ggccgtaata
ctcaaaatgt
tttctecatt
tagtgatctt
ttttcgecaa
ttctgegaag
tgccaactta
ctatcagetg
ccggacatca
cagtgaagtg
tgatacagga
cggegagegy
cttaacaggg
acaagcatca
gataccaggce
ttaccggtgt
tcegggtagyg
cgectgegect
ccactggeag
ttaaggctaa
gttcaaagag
gttttcagag
tcagataaaa
gctagegeta
cegetttgge

gatcatggeg

tgttatcact

gatgetttte

gaccgagttyg

taaaagtget

tgttgagatc

ctttcaccag

taagggcgac

tttatcaggg

aaataggggt

(3519

ataaaggceg

tccagetgaa

tctttacgat

ttagcttect

atttcattat

aagttggeec

tgatctteeg

ctgatttagt

tcecctectgt

gegetagegg

cttcatgtgg

tatattcege

aaatggctta

aagtgagagg

cgaaatctga

gtttceccect

cattcegetyg

cagttegete

tatccggtaa

cagccactgg

actgaaagga

ttggtagetc

caagagatta

tatttctaga

tatgcgttga

cgeegeccag

accacacccg

catggttatg

tgtgactggt

ctettgeceyg

catcattgga

cagttcgatg

cgtttetggy

acggaaatgt

ttattgtcte

tcegegeaca

219)

gataaaactt

cggtetggtt

gccattggga

tagctectga

ggtgaaagtt

agggcttece

tcacaggtat

gtatgatggt

tcagctactyg

agtgtatact

caggagaaaa

ttcctegete

cgaacggggc

gcegeggcaa

cgctcaaatce

ggcggetece

ttatggcege

caagctggac

ctatcgtett

taattgattt

caagttttgg

agagaacctt

cgegeagace

tcegtecatte

tgcaatttet

tcectgetege

tcectgtgtaa
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1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

tacgtagaca

catceggete

ccatgggaat

tgagtaaagg

atgttaatgg

aacttaccct

tcactacttt

atgacttttt

aagatgacgg

atagaatcga

tggaatacaa

tcaaagttaa

attatcaaca

tgtccacaca

ttgagtttgt

ccagacctge

cctgatacag

cagtagegeg

cgatggtagt

gaaaggctca

tcectgagtag

ggtggcggge

tgacggatgg

aatatgtatc

gtcagatctt

acgccgaaac

ctacecctgtyg

dgggaggcaga

actggectea

taaaccagca

cgaatttget

ccaggegttt

tcegeagtact

tgatgaacct

atggtgaaaa

aaactcaccc

taggccaggt

aaatcgtegt

gtgtaacaag

67

ctgtgtetec
gtataatgtyg
tcegagetegyg
agaagaactt
gcacaaattt
taaatttatt
cgegtatggt
caagagtgec
gaactacaag
gttaaaaggt
ctataactca
cttcaaaatt
aaatactcca
atctgeectt
aacagctget
agccaagcetce
attaaatcag
gtggtcccac
gtggggtcete
gtcgaaagac
gacaaatccg
aggacgeceg
cectttttgeg
cgetecatgag
aaccggeagce
aagcgeectyg
gaacacctac
ataaatgatc
ggcatttgag
atagacataa
ttcgaattte
aagggcacca
gttgtaattc

gaatcgccag
cgggggegaa

agggattggc

tttcacegta
ggtattcact

ggtgaacact

US 9,163,219 B2

-continued

ggaagacctt

tggaattgtg

taccegggga

ttcactggag

tctgtecagtyg

tgcactactg

ctteaatget

atgceccgaag

acacgtgetg

attgatttta

cacaatgtat

agacacaaca

attggegatg

tcgaaagatc

gggattacac

ccaagettgg

aacgcagaag

ctgaccecat

cccatgegag

tgggecttte

ccgggagegy

ccataaactg

tttctacaaa

acaataaccc

gcccaacagt

caccattatg

atctgtatta

atatcgtcaa

aagcacacgg

gcggetattt

tgccattcat

ataactgcct

attaagcatt

cggeatcage

gaagttgtce

tgagacgaaa

acacgccaca

ccagagegat

atcccatatce

ccattetgaa

agcggataac

tcctectagat

ttgtcccaat

gagagggtga

gaaaactacc

ttgcgagata

gttatgtaca

aagtcaagtt

aagaagatgg

acatcatggc

ttgaagatgg

gcectgtect

ccaacgaaaa

atggcatgga

ctgttttgge

cggtcetgata

gccgaactca

agtagggaac

gttttatctg

atttgaacgt

ccaggeatca

ctettttgtt

tgataaatgc

cceecggeca

ttceggatet

acgaageget

ttattacctce

tcacactget

aacgaccctyg

ccgettatta

taaaaaaatt

ctgccgacat

accttgtege

atattggcca

aacatattct

tcttgegaat

gaaaacgttt

accagctcac

atgagetgtt

aatttcacac

ttaagaagga

tcttgttgaa

aggtgatgcea

tgttccatgg

cccagatcat

ggaaagaact

tgaaggtgat

aaacattctt

agacaaacaa

aagcgttcaa

tttaccagac

gagagaccac

tgaactatac

ggatgagaga

aaacagaatt

gaagtgaaac

tgccaggeat

ttgtttgteg

tgcgaagcaa

aattaagcag

tatttttcta

ttcaataatg

cggggcctgc

gcatcgcagyg

aaccgttttt

cacggggaga

tceggtagte

ccctgaacey

tcacttattce

acgceeegec

ggaagccatce

cttgecgtata

cgtttaaatc

caataaaccc

atatgtgtag

cagtttgetce

cgtcttteat

gacaattaat

aggaaacaga

gatatacata

ttagatggtg

acatacggaa

ccaacacttg

atgaaacagc

atatttttca

acccttgtta

ggacacaaat

aagaatggaa

ctagcagacc

aaccattacc

atggtectte

aaataaatgt

agattttcag

thCtggng

gcegtagege

caaataaaac

gtgaacgcte

cggccecggayg

aaggccatce

aatacattca

gagacacagt

caccataccce

atgctgetgg

atcaggctct

gcctgagcaa

aataaaccgg

acgaccgggt

aggcgtagca

ctgecactca

acagacggca

atatttgecce

aaaactggtyg

tttagggaaa

aaactgcegyg

atggaaaacg

tgccatacyg

68



IV. The 8-unit plasmid pYA4519

69

CPI: complement (5606
CPI: complement (7234
CPI: complement (10706
CPI: complement (12472
CPI: complement (15836
CPI: complement (17984
CPI: complement (20680
CPI: complement (23204
MTI: 3224 3264
MTI: 6303 6343
MTI: 8324 8364
MTI: 13562 13602
MTI: 16534 16574
MTI: 19074 19114
MTI: 11404 11444
MTI: 21388 . 21428
CMV: 7655 8242
CMV: 2556 3142
CMV: 12893 13480
CMV: 18405 18992
BGH: 6071 6295
BGH: 11171 11395
BGH: 16301 16525
BGH: 21145 21369
PB2: 3265 5605
PB1l: 8365 10705
PA: 13603 15835
NP: 19115 20679
HA: 21429 23203
NA: 16575 .. 17983
M: 11445 . 12471
NS: 6344 7233

US 9,163,219 B2

-continued

6020)
7648)

Chloramphenicol resistance gene (cat):

pl5A ori:

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

gcceggcetaaa

atagtggctc

gctecgagaa

tagtgactgg

tgatcttett

gecttgcagy

tggcttggag

gacttcaaga

atgtctttec

aacggggggt

caggcgtgga

caggaacagg

ctgtegggtt

ggagcctatg

ggcatcttee

gaccgagegt

ctgacgecacc

tcagtgecaa

tgcegttacyg

ccactggagce

gacgcacttt

cetggtgtec

gatcggcacyg

complement (213

gtgtctacgt
caagtagcga
cgggtgegea
cgatgetgte
gagatcgttt
geggttttte
gagcgcagte
ctaactecte
gggttggact
tegtgeatac
atgagacaaa
agagcgcacyg
tegecaccac
gaaaaacggce
aggaaatctc
agcgagtcag
ggtgcagect
catagtaagc
caccacceeg
acctcaaaaa
gcgecgaata
ctgttgatac

taagaggttc

1061)

attacacagg

agcgagcagyg

tagaaattgc

ggaatggacg

tggtetgege

gaaggttcte

accaaaactt

taaatcaatt

caagacgata

agtccagett

cgeggecata

agggagccgce

tgatttgagce

tttgecgegy

cgeeeegtte

tgagcgagga

tttttectect

cagtatacac

tcagtagetg

caccatcata

aatacctgtg

cgggaagecc

caactttcac

(SEQ ID NO: 60)

1423

acgggtgtgg
actgggegge
atcaacgcat
atctagaaat
gtaatctett
tgagctacca
gtcettteag
accagtgget
gttaccggat
ggagcgaact
acagcggaat
cagggggaaa
gtcagatttce
cccteteact
gtaagccatt
agcggaatat
gccacatgaa
tcegetageyg
aacaggaggyg
cactaaatca
acggaagatc
tgggccaact

cataatgaaa

2082

tcegecatgat
ggccaaagcg
atagcgctag
attttatctg
gctetgaaaa
actctttgaa
tttagcctta
gctgecagty
aaggcgcagce
gcectaccegy
gacaccggta
cgectggtat
gtgatgcettyg
tccctgttaa
tcegetegee
atcctgtatce
gcacttcact
ctgatgteeg
acagctgata
gtaagttgge
acttcgcaga
tttggcgaaa

taagatcact

cgegtagteg
gtcggacagt
cagcacgeca
attaataaga
cgaaaaaacc
ccgaggtaac
accggegeat
gtgettttge
ggtcggactyg
aactgagtgt
aaccgaaagg
ctttatagtc
tcaggggggce
gtatcttecet
gcagtcgaac
acatattctg
gacaccctcea
gceggtgettt
gaaacagaag
agcatcaccc
ataaataaat
atgagacgtt

accgggegta

70



1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

ttttttgagt

ggatatacca

tcagttgete

accgtaaaga

atgaatgctc

agtgttcacc

agtgaatacc

tacggtgaaa

gccaatcect

ttegeceeey

ctggegatte

gaattacaac

tggtgeectt

gaaattcgaa

ttatgtctat

ctcaaatgec

gatcatttat

gtaggtgttce

cagggegett

gcetgeeggtt

taatagtaat

taacttacgg

ataatgacgt

gagtatttac

cceectattyg

ttatgggact

atgeggtttt

agtctecacce

ccaaaatgtce

gaggtctata

gaaattaata

ggtcgaccte

ataaaagaac

accgtggacce

gcacttagga

acggaaatga

gccggatcag

ccagtgacaa

aggttaaaac

agagttgaca

71

tatcgagatt
cegttgatat
aatgtaccta
aaaataagca
atccggaatt
cttgttacac
acgacgattt
acctggecta
gggtgagttt
ttttcaccat
aggttcatca
agtactgcga
aaacgcetgg
agcaaatteg
tgctggttta
tgaggccagt
tctgectece
cacagggtag
gtttceggegt
aagatctgac
caattacggg
taaatggccc
atgttcccat
ggtaaactge
acgtcaatga
ttectacttg
ggcagtacat
ccattgacgt
gtaacaactc
taagcagagc
cgactcacta
cgaagttggyg
taaggaatct
atatggeccat
tgaaatggat
ttectgagag
accgagtgat
gtacagttca
atggaacctt

taaatcectgg

US 9,163,219 B2

-continued

ttcaggaget

atcccaatgg

taaccagacc

caagttttat

ccegtatggea

cgttttecat

cceggeagttt

tttcectaaa

caccagtttt

gggcaaatat

tgcegtetgt

tgagtggcag

tgctacgect

acccggtegt

ccggtttatt

ttgctecagge

agagcctgat

ccagecageat

gggtatggtg

acttaagccc

gtcattagtt

gceectggetga

agtaacgcca

ccacttggea

cggtaaatgg

gcagtacatc

caatgggegt

caatgggagt

cgeeecattyg

tctetggeta

tagggagacc

dgggagcgaa

aatgtcgeag

aatcaagaag

gatggcaatg

aaatgagcag

ggtatcacct

ttatccaaaa

tggeectgte

tcatgcagat

aaggaagcta

catcgtaaag

gttcagctygyg

ceggecttta

atgaaagacg

gagcaaactyg

ctacacatat

gggtttattg

gatttaaacyg

tatacgcaag

gatggcttee

ggeggggegt

gaataagtga

cggttcaggg

gactaccgga

tcteccegty

aaaaacggtt

cctgegatge

gcaggececg

gggcgttgac

catagceccat

cegeccaacy

atagggactt

gtacatcaag

cecegectgge

tacgtattag

ggatagcggt

ttgttttgge

acgcaaatgg

actagagaac

caagctgget

agcaggtcaa

tctegeacte

tacacatcag

aaatatccaa

ggacaaactt

ctggetgtga

atctacaaaa

cattttagaa

ctcagtgeca

aaatggagaa

aacattttga

atattacggc

ttcacattct

gtgagctggt

aaacgtttte

attcgcaaga

agaatatgtt

tggccaatat

gcgacaaggt

atgtcggeag

aattttttta

taataagcgg

cagggtegtt

agcagtgtga

gaggtaataa

agcgettegt

agatccggaa

tggccggggg

attgattatt

atatggagtt

accccecgecce

tccattgacyg

tgtatcatat

attatgccca

tcatcgetat

ttgactcacyg

accaaaatca

geggtaggeyg

ccactgetta

agcgtgtege

ttatattcaa

gcgagatact

gaagacagga

ttacagcaga

tatggagtaa

catggtggaa

cttattttga

accaagtcaa

aagaggcaca

aaaaatcact

ggcatttcag

ctttttaaag

tgccegecty

gatatgggat

atcgetetgg

tgtggcgtgt

tttegtctea

ggacaacttce

gctgatgecy

aatgcttaat

aggcagttat

atgaatggca

aaatagccge

cegtgtgett

ttgacgatat

taatacagat

cataatggtg

actgttggge

gactagttat

ccgegttaca

attgacgtca

tcaatgggtyg

gccaagtacyg

gtacatgacc

taccatggtyg

gggatttcca

acgggacttt

tgtacggtgg

ctggcettate

ccggagtact

tatggaaaga

cacaaaaacc

gaagaaccca

caagaggata

aatgaatgac

taggaatgga

aaaagtcgaa

aatacgtcga

ggatgtaatc
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3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

6181

atggaagttg

acgacaacca

gcatacatgt

acaagcagtg

tacactccag

agaaacatag

tgccacagea

gaagagcaag

agttttggtyg

gtgcttacgyg

acaatggttg

ctgatagtga

ttttcacaag

gcgaatcage

gtgctettte

ttgcecgaca

ggggtagatg

gttagggacc

acagagaaac

tcagtgttgg

tggtecccaga

gttccaaagyg

agggatgtgc

gctecaccaa

ggaatgagaa

agactcacag

gctggagttg

tatggaccag

gtgctaattyg

cttactgaca

gtttaaaaac

ctagtceccat

cgtaactgga

cccccacagce

agccgecceeyg

gtagaccgtt

gagagaccga

caccteegeyg

tcagectega

tcecttgacee

tcegeattgte

73

ttttcectaa
aagagaagaa
tggagagaga
tgtacattga
gaggggaggce
taagaagagc
cgecagattgg
cegtggatat
gattcacatt
gcaatcttca
ggagaagagc
gtgggagaga
aggattgtat
gattgaatcc
aaaattgggg
tgactccaag
agtattccag
aacgtgggaa
tgacaataac
tcaataccta
atcctacaat
cegttagagyg
ttgggacatt
agcaaagtag
tacttgtaag
tteteggaaa
agtcegeagt
cattaagcat
ggcaaggaga
gccagacage
gaccttgttt
aggcgecgac
ggtacaaaat
cagageggec
gcagcgacct
cegeegttte
gceggacggt
aagcgaccga
ctgtgectte
tggaaggtgce

tgagtaggtg
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cgaagtggga
agaagaactc
actggtecge
agtgttgcat
gaggaatgat
cacagtatca
tggaataagg
ttgcaagget
taagagaaca
gacattgaag
aacagctata
cgaacagteg
gataaaagca
catgcaccaa
aattgaatcc
caccgagatg
cgcggagaag
tgtactactg
ttactcateg
tcagtggatc
gctgtacaat
ccaatacagt
tgataccget
aacgcagttc
gggcaattct
ggatgctgge
tctgagagga
aaatgaactg
cgtggtgttyg
gaccaaaaga
ctactacaga
taccggeagce
tacagcgacyg
aagacaatcc
ctagecgeeyg
cgagacgeec
geecegecgygy
aagggcgaat
tagttgecag
cactecccact

tcattctatt

gccaggatac

cagggttgea

aaaacgagat

ttgacccaag

gatgttgatc

gcagatccac

atggtaaaca

gcaatgggac

agcggatcat

ataagagtac

ctcagaaaag

attgccgaag

gttagaggtg

cttttgagac

atcgacaatg

tcaatgagag

atagtggtga

tctecegagy

tcaatgatgt

atcagaaact

aaaatggaat

gggtttgtga

cagataataa

tccteattga

ccagtattca

cctttaactg

ttcctecatte

agcaaccttg

gtaatgaaac

attcggatgg

cgaacatata

ggctcecgacy

cctetggeag

gaaacggggt

c¢cgeggagag

cggcagegac

accaggtaga

tctgcagaaa

ccatctgttyg

gtcetttect

ctggggggtyg

taacatcgga

aaatttctcc

tccteccagt

gaacatgctyg

aaagcttaat

tagcatcttt

tccttaggea

tgagaattag

cagtcaagag

atgagggata

caaccaggag

caataattgt

acctgaattt

attttcagaa

tgatgggaat

gagtgagaat

gcattgaccyg

agatcagtga

gggagattaa

gggaaactgt

ttgagccatt

gaactctgtt

aacttcttcce

ctataaatgt

actacaacaa

aagacccaga

tgggcaaaga

cgaaaggaga

ggaaacggaa

ccatcaatta

aggcatccga

gecagcecgagyg

cteceggaget

agacctggac

c¢gcgagacgyg

ccctageege

cegttecgec

gcttaagttt

tttgcececte

aataaaatga

gggtggggca

atcgcaacta

tctgatggtyg

ggctggtgga

ggaacagatg

tattgetget

attggagatg

gaacccaaca

ctcatcctte

agaggaagag

tgaagagttc

attgattcag

ggccatggta

cgtcaatagg

ggatgcaaag

gatcgggata

cagcaaaatg

ttttttgaga

aacacaggga

tggtcctgaa

taaaattcag

tcagtcttta

ccaacaaatg

cttegeagec

gaggggatca

gaccactaaa

tgaaggcaca

agacaggaga

gaaggctaat

ctctagcata

gtgtcgaata

aaaaaacgtt

tttacctega

gtagcgccce

gcggategea

tagcaccegyg

cgeegecgeg

gtgcceccage

aaaccgctga

ccecegtgect

ggaaattgca

ggacagcaag
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6241

6301

6361

6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

7921

7981

8041

8101

8161

8221

8281

8341

8401

8461

8521

8581

ggggaggatt
gegtgtegee
aaagacataa
gtcegcaaaa
cgagatcaga
accegtgetyg
aaaatgacca
atgtcaaggce
agaatggacc
tttgacegge
ggcgaaattt
gttggggtce
ctacagagat
cagaaacgga
tgaagaagtg
gcaagcectta
tatttaataa
aaaacgttet
tacctegacy
agegececeec
ggatcgcaag
gcaccegggt
cegeegegga
gccccageca
taatagtaat
taacttacgg
ataatgacgt
gagtatttac
cceectattyg
ttatgggact
atgcggtttt
agtctecacce
ccaaaatgtce
gaggtctata
gaaattaata
ggtcgaccte
ccgactttac
actggagacc
aggacacatc

caactcaacc
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gggaagacaa
cggagtactg
tggatccaaa
gagttgcaga
agtcectaag
gaaagcaaat
tggectetgt
actggttcat
aggcgatcat
tggagactct
caccactgec
tcateggagyg
tegettggag
aaatggcggg
agacacagac
caactattgc
taaaaaacac
agtcccatag
taactggagg
cccacageca
cegeeeegge
agaccgttec
gagaccgage
cctecgegaa
caattacggg
taaatggccc
atgttcccat
ggtaaactge
acgtcaatga
ttectacttg
ggcagtacat
ccattgacgt
gtaacaactc
taagcagagc
cgactcacta
cgaagttggg
ttttcttaaa
ctecttacag
agtactcaga

cgattgatgg
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tagcaggcat

gtcgacctee

cactgtgtca

ccaagaacta

aggaagagge

agtggagcgg

acctgeateg

gctecatgece

ggataagaac

aatattacta

ctctectteca

acttgaatgg

aagcagtaat

aacaattagg

tgaagataac

ttgaagtgga

ccttgtttet

gcgecgacta

tacaaaatta

gagcggccaa

agcgacctet

gceegtttecy

cggacggtgc

gcgaccgage

gtcattagtt

gceectggetga

agtaacgcca

ccacttggea

cggtaaatgg

gcagtacatc

caatgggegt

caatgggagt

cgeeecattyg

tctetggeta

tagggagacc

dgggagcgaa

agtgeccagea

ccatgggaca

aaggggaaga

gccactgeca

getggggatg
gaagttgggg
agctttecagg
ggtgatgece
agcactcttg
attctgaagg
cgctacctaa
aagcagaaag
atcatactga
agggcecttea
ggacatactg
aataataaca
gagaatggga
tcagaagttt
agagaatagt
gcaagagata
actacagacg
cecggeagegy
cagcgacgec
gacaatccga
agcegeegec
agacgceceeg
cegecgggac
gegegttgac
catagceccat
cegeccaacy
atagggactt
gtacatcaag
cecegectgge
tacgtattag
ggatagcggt
ttgttttgge
acgcaaatgg
actagagaac
caagctgget
agcaggcaaa
caaaatgcta
ggaacaggat
tggacaacaa

gaagacaatg

cggtgggctc

gggagcaaaa

tagattgett

cattcecttga

gtctggacat

aagaatctga

ctgacatgac

tggcaggeec

aagcgaactt

ccgaagaggyg

atgaggatgt

cagttcgagt

gacctecact

gaagaaataa

tttgagcaaa

agaactttet

aacatataag

ctecegacgge

tctggeaget

aacggggtag

dceggagageg

gcagcgacce

caggtagacc

attgattatt

atatggagtt

accccecgecce

tccattgacyg

tgtatcatat

attatgccca

tcatcgetat

ttgactcacyg

accaaaatca

geggtaggeyg

ccactgetta

agcgtgtege

ccatttgaat

taagcacaac

acaccatgga

acaccgaaac

aaccaagtgg

tatggeggec

gcagggtgac

tctttggeat

teggettege

cgaaacagcec

tgaggcactc

tcttgaggaa

tctttgtate

cagtgtgatt

gacaattgtt

caaaaatgca

ctctgaaact

cactccaaaa

gatggttgat

taacatttat

cgtttecaget

gcatccgaaa

agccgaggtt

cceggagetgt

acctggacge

cgagacggta

ctagcegecyg

gttcegeegt

gactagttat

ccgegttaca

attgacgtca

tcaatgggtyg

gccaagtacyg

gtacatgacc

taccatggtyg

gggatttcca

acgggacttt

tgtacggtgg

ctggcettate

ccggagtact

ggatgtcaat

tttcecttat

tactgtcaac

tggagcaccyg

ttatgcccaa
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8641

8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

9541

9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

10981

11041

acagattgtg

acctegtgte

ggccgacaga

aacacaatag

gacttecctta

tttcagagaa

ataggtaaaa

aacacaatga

gggatgcaaa

aaacttgaac

gttgtaagga

gataacacca

ataaccagaa

tcaaacaaaa

agaactcaaa

actagaaaga

cctggaatga

aatcttggac

gatgattttg

aggttttatc

aacagaacag

ttcagcatgg

attggagtta

caaatggeccc

gacacacaaa

tccaaagetyg

cacattecctg

tgcaacccac

ataatgeccag

tceectggatec

gatgaacaaa

tacagaagac

gatgcacgaa

aagatctgtt

catgaaaaaa

ctagtceccat

cgtaactgga

cccccacagce

agccgecceeyg

gtagaccgtt

gagagaccga
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tattggaagc
ttgaaacgat
cctatgactg
aagtgttcag
aggatgtaat
agagacgagt
ggaagcagag
ccaaagatgce
taagggggtt
aatcaggatt
agatgatgac
aatggaacga
atcagcecga
tggcgagact
tacctgecaga
agattgaaaa
tgatgggcat
aaaagagaca
ctetgattgt
gaacctgtaa
gtacatttga
agctteecag
ctgtcatcaa
ttcagetgtt
tacaaacceyg
gactgetggt
aagtctgett
tgaacccatt
cacatggtec
ccaaaagaaa
tgtaccaaaa
cagtecgggat
ttgatttcga
ccaccattga
tgccttgttt
aggcgecgac
ggtacaaaat
cagageggec
gcagcgacct
cegeegttte

gCngangt
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aatggectte

ggaggttgtt

gactctaaat

atcaaatggc

ggagtcaatg

gagagacaat

attgaacaaa

tgagagaggg

tgtatacttt

gccagttgga

caattctcag

aaatcagaac

atggttcaga

dggaaagggyg

aatgctagea

aatceggeceyg

gttcaatatg

caccaagact

gaatgcaccce

gctacttgga

attcacaagt

Ctttggggtg

aaacaatatg

catcaaagat

aagatcattt

ctecegacgga

gaaatgggaa

tgtcaaccat

agccaaaaac

tcgatccatce

gtgctgcaac

atccagtatg

atctggaagg

agagctcaga

ctactacaga

taccggeagce

tacagcgacyg

aagacaatcc

ctagecgeeyg

cgagacgeec

gccecgecggyg

cttgaggaat

cagcaaacac

aggaaccagc

ctcacggeca

aacaaagaag

atgactaaga

aggagttatc

aagctaaaac

gttgagacac

ggcaatgaga

gacactgaaa

ccteggatgt

aatgttctaa

tacatgtttyg

agcatcgatt

ctcttaatag

ttaagtactg

acttactggt

aatcatgaag

attaatatga

tttttctate

tctgggatca

ataaacaatg

tacaggtaca

gaaataaaga

ggcccaaatt

ttaatggatg

aaagacattg

atggagtatg

ttgaatacaa

ttatttgaaa

gtggaggcta

ataaagaaag

cggcaaaaat

cgaacatata

ggctcecgacy

cctetggeag

gaaacggggt

c¢cgeggagag

cggcagegac

accaggtaga

cccatectgg

gagtggacaa

ctgetgeaac

atgaatctgg

aaatggagat

aaatggtgac

taattagggc

ggagagcaat

tagcaaggag

agaaagcaaa

tttctttecac

ttttggecat

gtattgctece

agagcaagag

tgaaatactt

atgggactgce

tattaggegt

gggatggtct

ggattcaagce

gcaagaaaaa

gttatgggtt

acgagtctge

atcttggtec

cgtaccggtyg

aactgtggga

tatacaacat

aggattacca

aatcagtgaa

atgetgttge

gccaaagagg

aattcttcecce

tggtttccag

aggagttcac

agtgaattta

aggcatccga

gecagcecgagyg

cteceggaget

agacctggac

c¢gcgagacgyg

ccctageege

cegttecgec

tatctttgag

gctgacacaa

agcattggec

aaggctcata

cacaactcat

acagagaaca

attaaccctg

tgcaacccca

tatatgtgag

gttggcaaat

catcactgga

gatcacatat

aataatgttc

tatgaaaatt

caatgattca

atcattgage

ctccateetyg

tcaatcttct

cggagtcaac

gtcttacata

tgttgccaat

ggacatgagt

agcaaccgcet

ccatagaggt

gcaaacccat

tagaaatctc

ggggcgttta

caatgcagtyg

aacaacacac

aatacttgaa

cagcagttca

agcccgaatt

tgagatcatg

gettgtectt

aaaaaacgtt

tttacctega

gtagcgccce

gcggategea

tagcaccegyg

cgeegecgeg

gtgcceccage

78



11101

11161

11221

11281

11341

11401

11461

11521

11581

11641

11701

11761

11821

11881

11941

12001

12061

12121

12181

12241

12301

12361

12421

12481

12541

12601

12661

12721

12781

12841

12901

12961

13021

13081

13141

13201

13261

13321

13381

13441

caccteegeyg

tcagectega

tcecttgacee

tcegeattgte

ggggaggatt

agggtgtcgc

tattgaaaga

ggcccectea

gatcttgagyg

gggattttag

cgetttgtec

aaactgtata

agttattctg

gtgaccactyg

cagcateggt

agaatggttc

caagcagcag

accgttggga

caggectatce

tgcagcaaat

caaatgcatt

gccagagtet

tggtcatttt

catataaggc

ccgacggeag

tggcagetec

cggggtagac

dgagagcgeg

agcgaccect

ggtagaccgt

tgattattga

atggagttec

cceegeccat

cattgacgtc

tatcatatgce

tatgecccagt

atcgectatta

gactcacggyg

caaaatcaac

ggtaggcgtg
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aagcgaccga
ctgtgectte
tggaaggtgce
tgagtaggtg
gggaagacaa
ccggagtact
tgagtcttet
aagccgagat
ttectecatgga
gatttgtgtt
aaaatgctcet
ggaagcttaa
ctggtgeact
aagtggcatt
ctcataggea
tagccagcac
aggccatgga
ctecatcctag
agaaacgaat
atcattggaa
tatcgteget
atgagggaag
gtcaacatag
atccgaaaaa
ccgaggttta
ggagctgtag
ctggacgegyg
agacggtagce
agcegecgec
tecegeegtge
ctagttatta
gcgttacata
tgacgtcaat
aatgggtgga
caagtacgec
acatgacctt
ccatggtgat
gatttccaag

gggactttece

tacggtggga
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aagggcgaat
tagttgecag
cactecccact
tcattctatt
tagcaggcat
ggtcgaccte
aaccgaggtc
cgcacagaga
atggctaaag
cacgctecacce
taatgggaac
gagggagata
tgccagttgt
tggectggta
aatggtgaca
tacagctaag
tattgctagt
ctccagtget
gggggtgcag
tcttgeactt
ttaaatacgg
aatatcgaaa
agctggagta
aacgttctag
cctegacgta
cgeeeceaed
atcgecaagec
acccgggtag
gceegeggaga
cccagecace
atagtaatca
acttacggta
aatgacgtat
gtatttacgg
ccctattgac
atgggacttt
geggttttgg
tctecaccee
aaaatgtcgt

ggtctatata

tctgcagaaa

ccatctgttyg

gtcetttect

ctggggggtyg

getggggatg

cgaagttggg

gaaacgtacg

cttgaagatg

acaagaccaa

gtgcccagty

ggagatccaa

acattccatg

atgggectcea

tgcgcaacct

acaaccaatc

gctatggage

caggccaggce

ggtctaaaag

atgcaacgat

gatattgtgg

tttgaaaaga

ggaacagcag

aaaaactacc

tcccatagge

actggaggta

cacagccaga

gceceeggeag

accgttecge

gaccgagecg

tcegegaage

attacggggt

aatggceege

gttcccatag

taaactgcec

gtcaatgacyg

cctacttgge

cagtacatca

attgacgtca

aacaactceg

agcagagctc

gcttaagttt

tttgcececte

aataaaatga

gggtggggca

cggtgggctc

ggggagcaaa

ttctcectetat

tctttgcagyg

tcctgtcace

agcggggact

ataacatgga

gggccaaaga

tatacaacag

gtgaacagat

cactaatcag

aaatggctgg

aaatggtgeca

atgatcttet

tcaagtgatc

attcttgatc

gggcctteta

aatgctgtgg

ttgtttctac

gcegactace

caaaattaca

gcggcecaaga

cgacctctag

cgtttecgag

gacggtgeee

gaccgaggta

cattagttca

ctggctgace

taacgccaat

acttggcagt

gtaaatggce

agtacatcta

atgggcgtgg

atgggagttt

cceccattgac

tctggetaac

aaaccgctga

ccecegtgect

ggaaattgca

ggacagcaag

tatggectge

agcaggtaga

cgtecegtea

gaagaacacc

tctgactaag

gcagcgtaga

caaagcagtt

aatagcactc

gatgggggcet

tgctgactce

acatgagaac

atcgagtgag

ggcgatgaga

tgaaaatttg

ctctegteat

gtcttttttt

cggaaggagt

atgttgacga

tacagacgaa

ggcagcggct

gcgacgecte

caatccgaaa

cegecgeage

acgcecegge

gcegggacca

cegttgacat

tagcccatat

gcccaacgac

agggacttte

acatcaagtg

cgectggeat

cgtattagte

atagcggttt

gttttggcac

gcaaatggge

tagagaaccc
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13501

13561

13621

13681

13741

13801

13861

13921

13981

14041

14101

14161

14221

14281

14341

14401

14461

14521

14581

14641

14701

14761

14821

14881

14941

15001

15061

15121

15181

15241

15301

15361

15421

15481

15541

15601

15661

15721

15781

15841

15901

actgcttact

cgtgtegece

ttcaaaatgg

aaggcaatga

tgcactcact

gagtcaatag

atcgagggaa

ggggctgaga

gaaattggag

aaatctgaga

gccgactaca

agacaagaaa

gagacaattg

ctecegecaa

aacggctaca

ccttttttga

cggtecaaat

dgagagggga

gaacccaatg

aagcaagtac

aatatgaaga

gtagactttyg

gaattgaggt

gattcaagct

gcaagcatga

ataatgaagg

gatttccaat

aatttgtacg

aactttgtga

aagtactgtg

aggcctatgt

atggaaatga

gagtcctetyg

tggceegttyg

actttattgg

tcagetgaat

gggaccttty

tgggttttge

tggcaatget

cgaacatata

ggctececgacy
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ggcttatcga
ggagtactgg
aagattttgt
aagagtatgg
tggaagtgtg
tcegtagaact
gagatcgcac
aaccaaagtt
taacaaggag
agacacacat
ctetegatga
tggctageag
aagaaagatt
acttctecag
ttgagggcaa
aatcaacacc
tcectgetgat
taccgctata
ttgttaaacc
tggcagaact
aaacgagtca
acgattgtaa
cgettgeaag
ggatagagct
gaaggaatta
gggtgtacat
taattccaat
gtttcatcat
gcatggagtt
ttettgaggt
tcttgtatgt
ggcgttgect
tcaaggagaa
gagagtccce
caaagteggt
caagaaaact
atcttggggy
ttaatgctte
actatttget

aggcatccga

geagecgagyg

US 9,163,219 B2
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aattaatacg

tcgaccteeyg

gcgacaatge

agaggacctg

cttcatgtat

tggcgatcca

aatagcetgg

tctaccagat

agaagttcac

ccacatttte

agaaagcagg

aggcctetgg

tgaaatcaca

ccttgaaaaa

gctttetcaa

acgaccactt

ggatgcectta

tgatgcaatc

acacgaaaag

gcaggacatt

gttaaagtgg

agatgtaggc

ttggattcag

cgatgagatt

tttcacageca

caatactgec

gataagcaag

aaaaggaaga

ttcectecact

aggagatatg

gaggacaaat

cctteagtea

agacatgacc

caaaggagtyg

attcaacagc

gettettate

gctatatgaa

ttggttcaac

atccatactg

aaaaaacgtt

tttacctega

actcactata

aagttggggg

ttcaatcega

aaaatcgaaa

tcagattttce

aatgcacttt

acagtaataa

ttgtatgatt

atatactatc

tcattcactg

gctaggatca

gattecttte

ggaacaatgce

tttagagecct

atgtccaaag

agacttecegg

aaattaagca

aaatgcatga

ggaataaatc

gagaatgagg

gcacttggty

gatttgaagce

aatgagttca

ggagaagatg

gaggtgtcte

ttgcttaatg

tgtagaacta

tcccacttaa

gacccaagac

cttctaagaa

ggaacctcaa

cttcaacaaa

aaagagttct

gaggaaggtt

ttgtatgcat

gttcaggcete

gcaattgagyg

tccttectea

tccaaaaaag

ctagtcecat

cgtaactgga

gggagaccca

ggagcgaaag

tgattgtcga

caaacaaatt

acttcatcga

tgaagcacag

acagtatttg

acaagaagaa

tggaaaaggc

gggaggaaat

aaaccagget

gtcagtccga

gcaagettge

atgtggatgg

aagtaaatgc

atgggectec

ttgaggaccc

gaacattcett

caaattatct

agaaaattcc

agaacatggc

aatatgatag

acaaggcatg

cggetecaat

attgcagagc

catcctgtge

aggagggaag

ggaatgacac

ttgaaccaca

gtgccatagyg

aaattaaaat

tcgagagtat

ttgaaaacaa

ccattgggaa

ctccacaact

ttagggacaa

agtgcctgat

cacatgcatt

taccttgttt

aggcgecgac

ggtacaaaat

agctggcetag
caggtactga
gcettgeggaa
tgcagcaata
tgagcaaggc
atttgaaata
caacactaca
tagattcatc
caataaaatt
ggccacaaag
attcaccata
gagaggcgaa
cgaccaaagt
attcgaaccyg
tagaattgaa
ctgtteteag
aagtcatgag
tggatggaag
tctgtecatgg
aaggactaaa
accagaaaag
tgatgaacca
tgaactgacc
tgaacacatt
cacagaatac
agcaatggat
gcgaaagace
cgatgtggta
caaatgggag
ccatgtgtca
gaaatggggy
gattgaagct
atcagaaaca
ggtctgcaga
agaaggattt
cctggaacct
taatgatccc
gagatagttyg
ctactacaga
taccggcage

tacagcgacyg
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15961

16021

16081

16141

16201

16261

16321

16381

16441

16501

16561

16621

16681

16741

16801

16861

16921

16981

17041

17101

17161

17221

17281

17341

17401

17461

17521

17581

17641

17701

17761

17821

17881

17941

18001

18061

18121

18181

18241

18301

cctetggeag

gaaacggggt

c¢cgeggagag

cggeagegac

accaggtaga

tctgcagaaa

ccatetgttyg

gtectttect

ctggggggtyg

getggggatg

cgaagttggg

attgggtcaa

atctcaatat

aaccaaggca

accggcaatt

ataagaattg

cacttggaat

agggggacct

gcteegtece

gatggaatgg

ttaaaataca

acacaagagt

ccaagtgatg

tcgatagagt

ggcaaagtga

ttecgaccaaa

cegegtecca

gtaaagggat

agttccagac

aggttctcta

ttegttecaac

ttaatcaggg

tgtggtgtga

accattgaca

gcatccgaaa

agccgaggtt

ceggagetgt

acctggacgce

cgagacggta

ctageegeeyg
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ctecggaget
agacctggac
cgegagacgyg
cectageege
cegttecgec
gettaagttt
tttgececte
aataaaatga
gggtggggca
cggtgggete
ggggagcgaa
tctgtatggt
ggattagcca
gcattaccta
catctetttg
gttccaaagyg
gcaggacctt
ttaaggacag
cgtacaattce
gctggetaac
accgcataat
ctgaatgtac
ggctggecte
tgaatgcacc
tgtgtgtgtg
acctagatta
aagatggaac
tttcatataa
atgggtttga
tgagacaaga
atcctgaget
ggctacctga
atagtgatac
agtagtttgt
aaaacgttet
tacctegacy
agegececeec
ggatcgcaag
gcaccegggt

cegeegegga
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gtagcgeeee

gcggatcgea

tagcaccegg

cgeegecgeyg

gtgccecage

aaaccgetga

ccecegtgect

ggaaattgca

ggacagcaag

tatggttaat

agcaggagtt

agtcggaata

ttcaattcaa

taaagttgtt

tcccateegt

agacgttttt

ttttctgact

aagcecttat

aaggtttgaa

aatcggaatt

aactgaaacc

ctgtgtaaat

gtacaaaatt

taattctcac

cagagacaat

taaaatagga

aggcagetgt

gtatggcaat

gatgatttgg

tgttgtggea

aacagggcta

ggaggacgca

tgtagattgg

tcaaaaaact

agtcccatag

taactggagg

cccacagcca

cegeecegge

agaccgttec

gagaccgage

cccccacagce

agcegecceeyg

gtagaccgtt

gagagaccga

caccteegeyg

tcagectega

tccttgacee

tcegeattgte

ggggaggatt

taagtgtcge

taaatgaatc

attagcctaa

accggaaatc

getgggcagg

gggtgggeta

gtcataagag

caaggcgect

agggcecttaa

teggttgett

tctggtecag

ataaaaagtt

ggttcatgtt

ttcaagateg

tacgaggaat

tggcacggtt

tacatctgea

ggcccagtgt

ggtgtttgga

gatcctaatg

ataactaatc

gactgtatga

atctggacta

tcttggecag

ccttgtttet

gcgecgacta

tacaaaatta

gagcggccaa

agcgacctet

gceegtttecyg

cggacggtgc

cagagcggec
gcagcgacct
cegeegttte
gceggacggt
aagcgaccga
ctgtgectte
tggaaggtgce
tgagtaggtg
gggaagacaa
ccggagtact
caaaccagaa
tattgcaaat
aaaaccatac
actcaacttc
tacacagcaa
agccttttat
tactgaatga
tgagctgecc
ggtcagcaag
atgatggagc
ggaggaagaa
ttaccataat
agaaggggaa
gttectgtta
cgaaccgacce
gtggggtett
ctgetgatgg
taggaaggac
gatggacaga
ggtcagggta
ggccttgett
gtgggagcat
acggtgctga
actacagacg
cecggeagegy
cagcgacgec
gacaatccga
agcegecgec
agacgcceeg

cegecgggac

aagacaatcc

ctagcegecyg

cgagacgecec

gccecgecggyg

aagggcgaat

tagttgccag

cactcccact

tcattctatt

tagcaggcat

ggtcgaccte

aataataacc

aggaaatata

tggaatatge

agtgatatta

agacaatggc

ttecatgttet

caagcattca

tgtcggtgaa

tgcatgtcat

agtggetgta

tatattgaga

gaccgatgge

ggttactaaa

ccctgatace

atgggtgtcc

cggtgacaac

agcaaacgga

taaaagtgac

gactgatagt

cagcggaagt

ctgggttgaa

catttctttt

gttgcegtte

aacatataag

ctecegacgge

tctggeaget

aacggggtag

dceggagagceyg

gcagcgacce

caggtagacc
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18361

18421

18481

18541

18601

18661

18721

18781

18841

18901

18961

19021

19081

19141

19201

19261

19321

19381

19441

19501

19561

19621

19681

19741

19801

19861

19921

19981

20041

20101

20161

20221

20281

20341

20401

20461

20521

20581

20641

20701

20761

gttecegeegt

gactagttat

cegegttaca

attgacgtca

tcaatgggtyg

gccaagtacyg

gtacatgacc

taccatggtg

gggatttcca

acgggacttt

tgtacggtgg

ctggettatce

ccggagtact

acagagtgac

gactgatgga

tggaattgga

acggcetgatt

gaggaataaa

acctatatac

agaaataaga

tcacatgatg

tgttegeaca

gaggtctggg

cagaatgatc

aacaaggatt

acaaagaaca

agatctcatc

ctgectgect

gggatactct

cctaatcaga

ttetgetgea

aagagggaag

ggaatcaagt

gaacaccaat

acagagaaat

ggggagaaca

agatgtgtet

gatcgtgece

ggagtacgac

ccgaaaaaaa

gaggtttacc
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gccccageca
taatagtaat
taacttacgg
ataatgacgt
gagtatttac
cceectattyg
ttatgggact
atgcggtttt
agtctecacce
ccaaaatgtce
gaggtctata
gaaattaata
ggtcgaccte
atcgaaatca
gaacgccaga
cgattctaca
cagaacagct
tatctagaag
aggagagtag
cgaatctgge
atctggecact
ggaatggatc
gecgeaggtyg
aaacgtggga
gcttatgaaa
atggtggatc
tttttagcac
gectgtgtgt
ctagtcggaa
ccaaatgaga
tttgaagatc
ctttecacta
acccttgaac
caacagaggg
cteccttttyg
tctgacatga
ttecagggge
tcctttgaca
aattaaagaa
cgttetagte

tcgacgtaac
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cctecgegaa

caattacggg

taaatggccc

atgttcccat

ggtaaactge

acgtcaatga

ttectacttyg

ggcagtacat

ccattgacgt

gtaacaactc

taagcagagc

cgactcacta

cgaagttggg

tggcgaccaa

atgccactga

tccaaatgtyg

taacaataga

aacatcccag

atggaaagtg

gccaagctaa

ccaatttgaa

ccaggatgtyg

ctgcagtcaa

tcaatgateg

gaatgtgcaa

aagtgagaga

ggtctgcact

atggatctge

tagacccttt

atccagcaca

taagagtatc

gaggagttca

tgagaagcag

cttecteggy

acagaccaac

gaaccgaaat

ggggagtctt

tgagtaatga

aaataccctt

ccataggege

tggaggtaca

gcgaccgagg
gtcattagtt
gectggetga
agtaacgcca
ccacttggea
cggtaaatgg
gcagtacatc
caatgggegt
caatgggagt
cgeeccattyg
tctetggeta
tagggagacc
ggggagcaaa
aggcaccaaa
aatcagagca
caccgaactt
gagaatggtg
tgcggggaaa
gaggagagaa
taatggtgac
tgatgcaact
ctcactgatg
aggagttgga
gaacttctygyg
cattctcaaa
gagccggaat
catattgaga
cgtagecagt
cagactgett
caagagtcaa
aagcttecatc
aattgcttec
atactgggec
ccaaatcagce
cattatggca
cataaggctg
cgagcteteg
aggatcttat
gtttctacta
cgactaccgg

aaattacagc

gceegttgac

catagcccat

cegeccaacy

atagggactt

gtacatcaag

cecegectgge

tacgtattag

ggatagcggt

ttgttttgge

acgcaaatgg

actagagaac

caagctgget

agcagggtag

cgatcttacyg

tctgteggaa

aaactcagtyg

ctetetgett

gatcctaaga

ctcatccttt

gatgcaacgg

taccagagga

cagggttcaa

acaatggtga

aggggtgaga

gggaaatttce

ccaggaaatg

gggtcagttg

ggatacgact

caaaacagcc

ctggtgtgga

agagggacga

aatgaaaaca

ataaggacca

atacaaccta

gcattcactyg

atggaaagtg

gacgaaaagg

ttctteggag

cagacgaaca

cageggetec

gacgcctetyg

attgattatt

atatggagtt

accccecgecce

tccattgacyg

tgtatcatat

attatgccca

tcatcgetat

ttgactcacg

accaaaatca

geggtaggeg

ccactgetta

agcgtgtege

ataatcactc

aacagatgga

aaatgattga

attatgaggg

ttgacgagag

aaactggagyg

atgacaaaga

ctggtetgac

caagagctct

cccteectag

tggaattgat

atggacggag

aaacagctge

ctgagttega

ctcacaagtce

ttgaaagaga

aagtatacag

tggcatgeca

aagtggtccc

tggagactat

gaagtggagg

cgttcteagt

ggaatacaga

caagaccaga

caacgagccec

acaatgcaga

tataaggcat

gacggcagcee

gcagcteegyg
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20821

20881

20941

21001

21061

21121

21181

21241

21301

21361

21421

21481

21541

21601

21661

21721

21781

21841

21901

21961

22021

22081

22141

22201

22261

22321

22381

22441

22501

22561

22621

22681

22741

22801

22861

22921

22981

23041

23101

23161

agctgtageg
ggacgcggat
acggtagcac
cegeegeage
cgeegtgece
gtttaaaccy
ccteceeegt
atgaggaaat
ggcaggacag
gctetatgge
tgggggggag
cctgttatat
caactcaacc
taacctgetce
acaattgggg
gcttecagey
ttatccagga
attagaaaga
agtaacagta
gacgaagaag
agaagtecctt
ctatagtaat
cceggaaata
gaccttgeta
atggtatget
aatgcatgag
tttccagaat
attgaggatg
agccattget
tcatcatcag
cattaacggg
agetgtgggt
tgatgatggg
tgaaaggact
ccaattaaag
tgacaatgaa
agaatcaaag
tcagattctg
ggcaatcagt

ttaggatttc
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ccecececca
cgcaagecgce
cegggtagac
cgeggagaga
cagccaccte
ctgatcagec
gecttectty
tgcatcgeat
caagggggag
acttacacta
caaaagcagg
gcatttgtag
gacactgttyg
gaagacagcc
aaatgtaaca
agatcatggt
gatctcatcg
ttcgaaatat
tcatgetece
ggggattcat
gtactatggyg
ggaaatgcett
gctgcaagge
gaaccecggag
ttegeactga
tgtaacacga
atacacccag
gttacaggac
ggttttattyg
aatgaacagg
attacaaaca
aaagaattca
tttectggaca
ttggatttce
aataatgcca
tgcatggaaa
ttgaacaggg
gcgatctact
ttetggatgt

agaaatataa
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cagccagagce

cceggeageyg

cgttecgeey

ccgagecgga

cgcgaagega

tcegactgtge

accctggaag

tgtctgagta

gattgggaag

acacgtggtyg

ggaaaataaa

ctacagatgce

acacaatact

acaacgggaa

tcaccggatyg

cctacattgt

actatgagga

ttcccaagga

ataggggaaa

acccaaaget

gtgttcatca

atgtctetgt

ccaaagtaag

acacaataat

gtagagggtt

agtgtcaaac

tcacaatagg

taagaaacat

aggggggatg

gatcaggcta

aggtgaactc

acaacttaga

tttggacata

atgacttaaa

aagaaatcgg

gtgtaagaaa

aaaagataga

caactgtege

gttctaatgyg

ggaaaaacac

ggccaagaca

acctctagec

tttccgagac

cggtgecege

ccgaaagggce

cttctagttyg

gtgccactce

ggtgtcattce

acaatagcag

tcegeceggag

aacaaccaaa

agacacaata

cgagaagaat

actatgtaaa

gctettggga

agaaacacca

actgagggag

aagttcatgg

aagcagtttt

gaccaattcc

ccegtetage

agcgtettea

agatcaacat

atttgaggca

tgagtcegge

accccaggga

agagtgccca

cccatccatt

gactggaatg

tgcageggat

tgttatecgag

aaaaaggatg

taatgcagaa

tgtgaagaat

aaatgggtgt

tgggacttat

tggagtgaaa

cagttcactg

gtctttgeag

ccttgtttet

atccgaaacyg

gecgecgegy

gceeeggeag

cgggaccagg

gaattctgca

ccagecatet

cactgteett

tattctgggyg

gcatgctggg

tactggtega

atgaaggcaa

tgtatagget

gtggcagtga

ttaaaaggaa

aatccagaat

aactctgaga

caattgaget

cccaaccaca

tacagaaatt

tatgtgaaca

agtgatgagc

aattataaca

gggaggatga

actggtaatc

atcatcacct

gctataaaca

aaatatgtca

caatacagag

atagatggat

caaaaaagca

aaaatgaaca

gaaaatttaa

ttgttagttc

ctgtacgaga

tttgagttet

gattatccaa

ttggaatcaa

gtgettttgg

tgcagaatat

actacagacg

gggtagacct
agagcgcgag
cgaccectag
tagaccgtte
gaaagcttaa
gttgtttgec
tcctaataaa
ggtggggtgy
gatgcggtgg
cctecgaagt
aactactggt
accatgcgaa
cacattctgt
tagccccact
gcgactcact
atggagcatg
cagtatcatc
cattcaacgg
tgctatgget
ataaagggaa
aacagagtct
ggagattcac
actattactg
taatagcacc
caaacgcgte
gcaatctece
ggagtaccaa
gtctatttgg
ggtatggtta
cacaaaatgc
ctcaattcac
ataaaaaagt
tactggaaaa
aagtaaaaag
accacaagtg
aatattcaga
tgggggtgta
tctecctggy
gcatctgaga

aacatataag
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23221 gcatccgaaa aaaacgttct agtcccatag

23281 agccgaggtt tacctcgacg taactggagg

23341 ccggagcetgt agcgccccee cccacagceca

23401 acctggacgc ggatcgcaag ccgccccggce

23461 cgagacggta gcacccgggt agaccgttcce

23521 ctagccgecg ccgccgcgga gagaccgagce

23581 gttececgeegt gccccagcca cctecgcgaa

gcgecgacta ccggcagegyg ctecgacgge

tacaaaatta cagcgacgcece tctggcagcet

gagcggccaa gacaatccga aacggggtag

agcgacctet ageegecgee geggagageg

geegttteeyg agacgccceg gcagcgaccc

cggacggtge cegecgggac caggtagace

gcgaccga

SEQUENCE

<160> NUMBER OF SEQ ID NOS: 61

<210> SEQ ID NO 1

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: GALLUS GALLUS

<400> SEQUENCE: 1

tcggtegett cgceggaggtyg getgg

<210> SEQ ID NO 2

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: GALLUS GALLUS

<400> SEQUENCE: 2

gtgatcgect tctceggett ttttt

<210> SEQ ID NO 3

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: GALLUS GALLUS

<400> SEQUENCE: 3

taaaagcttt ctgcagaatt cgccctt

<210> SEQ ID NO 4

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: GALLUS GALLUS

<400> SEQUENCE: 4

ttaggtacca cctgctecta cagacgaac

<210> SEQ ID NO 5

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: MUS MUSCULUS

<400> SEQUENCE: 5

taaggtacca cctgctgete ccccccaact te

LISTING

25

25

27

29

32
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: MUS MUSCULUS

SEQUENCE: 6

ttagctageg tgtcgecegg agta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

SEQUENCE: 7

taacgtctct ctgtagtaga aacaaggtag ttttttactt gtacagctcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

ttacgtctct ggggagcaaa agcaggtaga tattgaaaga tggtgagcaa gggcyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

SEQUENCE: 8

SEQ ID NO 9

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

SEQUENCE: 9

acctctagaa tggtgagcaa gggcgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

SEQUENCE: 10

taagaattct tacttgtaca gctegte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

SEQUENCE: 11

taactcgaga tggaaagaat aaaag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: COMPLETELY ARTIFICIAL

24

50

55

27

27

25
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<400> SEQUENCE: 12

ttaggtaccce taattgatgg ccatc

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 13

taactcgaga tggatgtcaa tccga

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 14

ttaggtacce tatttttgece gtetg

<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 15

taactcgaga tggaagattt tgtge

<210> SEQ ID NO 16

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 16

ttaggtaccce tatctcaatg catgt

<210> SEQ ID NO 17

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 17

taacacctge agtcctgtag tagaaacaag gtegt

<210> SEQ ID NO 18

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 18

ttacacctge gactggggag cgaaagcagg tcaat

<210> SEQ ID NO 19

25

25

25

25

25

35

35



US 9,163,219 B2
95

-continued

96

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 19

taacacctge agtcctgtag tagaaacaag gcatt

<210> SEQ ID NO 20

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 20

ttacacctge gactggggag cgaaagcagg caaac

<210> SEQ ID NO 21

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 21

taacgtctct ctgtagtaga aacaaggtac t

<210> SEQ ID NO 22

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 22

ttacgtctct ggggagcgaa agcaggtact g

<210> SEQ ID NO 23

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 23

taacgtctct ctgtagtaga aacaagggta t

<210> SEQ ID NO 24

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 24

ttacgtctct ggggagcaaa agcagggtag a

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 25

35

35

31

31

31

31
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taacgtctct ctgtagtaga aacaagggtg

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 26

ttacgtctct ggggagcaaa agcaggggaa

<210> SEQ ID NO 27

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 27

taacacctge agtcctgtag tagaaacaag gagtt

<210> SEQ ID NO 28

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 28

ttacacctge gactggggag cgaaagcagg agttt

<210> SEQ ID NO 29

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 29

taacgtctct ctgtagtaga aacaaggtag t

<210> SEQ ID NO 30

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 30

ttacgtctcet ggggagcaaa agcaggtaga t

<210> SEQ ID NO 31

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 31
taacgtctet ctgtagtaga aacaagggtg t
<210> SEQ ID NO 32

<211> LENGTH: 31
<212> TYPE: DNA

30

30

35

35

31

31

31
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 32

ttacgtctet ggggagcaaa agcagggtga ¢

<210> SEQ ID NO 33

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 33

taagcccggyg cgttgacatt gattattg

<210> SEQ ID NO 34

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 34

ttagcegget tageggecge catagagecce accgeat

<210> SEQ ID NO 35

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 35

taagcgegeg ttgacattga ttattgac

<210> SEQ ID NO 36

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 36

ttagcegget tacctgeagg ccatagagec caccgca

<210> SEQ ID NO 37

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 37

taaggtaccg ttgacattga ttattgac

<210> SEQ ID NO 38

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 38

ttagccegget tattaattaa ccatagagec caccgca

31

28

37

28

37

28

37
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<210> SEQ ID NO 39

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 39

taagggccceg ttgacattga ttattgac

<210> SEQ ID NO 40

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 40

ttagcegget tacacgtgece atagagecca cegeatce

<210> SEQ ID NO 41

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 41

taacacgtgg tgtcgecegg agtactgg

<210> SEQ ID NO 42

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 42

ttagcegget cggtegette geggaggt

<210> SEQ ID NO 43

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 43

taattaatta agtgtcgece ggagtact

<210> SEQ ID NO 44

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 44

ttagcegget tagggeccte ggtegetteg cggag

<210> SEQ ID NO 45

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

28

37

28

28

28

35
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<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 45

taacctgcag ggtgtcgece ggagtact

<210> SEQ ID NO 46

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 46

ttagcecgget taggtaccte ggtcegetteg cggag

<210> SEQ ID NO 47

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMLETELY ARTIFICIAL

<400> SEQUENCE: 47

taagcggceeg cgtgtegece ggagtact

<210> SEQ ID NO 48

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 48

ttagececgget tagegegete ggtcegetteg cggag

<210> SEQ ID NO 49

<211> LENGTH: 2341

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 49

agcgaaagca ggtcaattat attcaatatg gaaagaataa aagaactaag gaatctaatg
tcgcagtete gcactegega gatactcaca aaaaccaccyg tggaccatat ggccataate
aagaagtaca catcaggaag acaggagaag aacccagcac ttaggatgaa atggatgatg
gcaatgaaat atccaattac agcagacaag aggataacgg aaatgattcc tgagagaaat
gagcagggac aaactttatg gagtaaaatg aatgacgccg gatcagaccg agtgatggta
tcacctcetgg ctgtgacatg gtggaatagg aatggaccag tgacaagtac agttcattat
ccaaaaatct acaaaactta ttttgaaaaa gtcgaaaggt taaaacatgg aacctttgge
cctgtecatt ttagaaacca agtcaaaata cgtcgaagag ttgacataaa tcctggtcat
gcagatctca gtgccaaaga ggcacaggat gtaatcatgg aagttgtttt ccctaacgaa
gtgggagcca ggatactaac atcggaatcg caactaacga caaccaaaga gaagaaagaa
gaactccagyg gttgcaaaat ttctectetg atggtggcat acatgttgga gagagaactg
gteccgcaaaa cgagattcct cccagtggcet ggtggaacaa gcagtgtgta cattgaagtg
ttgcatttga cccaaggaac atgctgggaa cagatgtaca ctccaggagyg ggaggcgagg

aatgatgatg ttgatcaaag cttaattatt gctgctagaa acatagtaag aagagccaca

gtatcagcag atccactagce atctttattg gagatgtgcc acagcacgca gattggtgga

28

35

28

35

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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ataaggatgg taaacatcct taggcagaac ccaacagaag agcaagccgt ggatatttge 960
aaggctgcaa tgggactgag aattagctca tccttcagtt ttggtggatt cacatttaag 1020
agaacaagcg gatcatcagt caagagagag gaagaggtgce ttacgggcaa tcttcagaca 1080
ttgaagataa gagtacatga gggatatgaa gagttcacaa tggttgggag aagagcaaca 1140
gctatactca gaaaagcaac caggagattg attcagctga tagtgagtgg gagagacgaa 1200
cagtcgattg ccgaagcaat aattgtggcc atggtatttt cacaagagga ttgtatgata 1260
aaagcagtta gaggtgacct gaatttcgtc aatagggcga atcagcgatt gaatcccatg 1320
caccaacttt tgagacattt tcagaaggat gcaaaggtgc tctttcaaaa ttggggaatt 1380
gaatccatcg acaatgtgat gggaatgatc gggatattgc ccgacatgac tccaagcacce 1440
gagatgtcaa tgagaggagt gagaatcagc aaaatggggg tagatgagta ttccagcgcg 1500
gagaagatag tggtgagcat tgaccgtttt ttgagagtta gggaccaacg tgggaatgta 1560
ctactgtctc ccgaggagat cagtgaaaca cagggaacag agaaactgac aataacttac 1620
tcatcgtcaa tgatgtggga gattaatggt cctgaatcag tgttggtcaa tacctatcag 1680
tggatcatca gaaactggga aactgttaaa attcagtggt cccagaatcc tacaatgcectg 1740
tacaataaaa tggaatttga gccatttcag tctttagttc caaaggccgt tagaggccaa 1800
tacagtgggt ttgtgagaac tctgttccaa caaatgaggg atgtgcttgg gacatttgat 1860
accgctcaga taataaaact tettccectte gcagecgetce caccaaagca aagtagaacg 1920
cagttctecct cattgactat aaatgtgagg ggatcaggaa tgagaatact tgtaaggggc 1980
aattctccag tattcaacta caacaagacc actaaaagac tcacagttct cggaaaggat 2040
gctggcecectt taactgaaga cccagatgaa ggcacagctg gagttgagtc cgcagttcetg 2100
agaggattcc tcattctggg caaagaagac aggagatatg gaccagcatt aagcataaat 2160
gaactgagca accttgcgaa aggagagaag gctaatgtgce taattgggca aggagacgtg 2220
gtgttggtaa tgaaacggaa acggaactct agcatactta ctgacagcca gacagcgacce 2280
aaaagaattc ggatggccat caattagtgt cgaatagttt aaaaacgacc ttgtttctac 2340
t 2341
<210> SEQ ID NO 50

<211> LENGTH: 2341

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 50

agcgaaagca ggcaaaccat ttgaatggat gtcaatccga ctttactttt cttaaaagtg 60
ccagcacaaa atgctataag cacaacttte ccttatactg gagacectce ttacagccat 120
gggacaggaa caggatacac catggatact gtcaacagga cacatcagta ctcagaaagg 180
ggaagatgga caacaaacac cgaaactgga gcaccgcaac tcaacccgat tgatgggeca 240
ctgccagaag acaatgaacc aagtggttat gcccaaacag attgtgtatt ggaagcaatg 300
gecttectty aggaatccca tectggtate tttgagacct cgtgtettga aacgatggag 360
gttgttcage aaacacgagt ggacaagctyg acacaaggcc gacagaccta tgactggact 420
ctaaatagga accagcctge tgcaacagca ttggecaaca caatagaagt gttcagatca 480
aatggcctca cggccaatga atctggaagg ctcatagact tecttaagga tgtaatggag 540

tcaatgaaca aagaagaaat ggagatcaca actcattttc agagaaagag acgagtgaga 600
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gacaatatga ctaagaaaat ggtgacacag agaacaatag gtaaaaggaa gcagagattg 660
aacaaaagga gttatctaat tagggcatta accctgaaca caatgaccaa agatgctgag 720
agagggaagc taaaacggag agcaattgca accccaggga tgcaaataag ggggtttgta 780
tactttgttg agacactagc aaggagtata tgtgagaaac ttgaacaatc aggattgcca 840
gttggaggca atgagaagaa agcaaagttg gcaaatgttg taaggaagat gatgaccaat 900
tctcaggaca ctgaaatttc tttcaccatc actggagata acaccaaatg gaacgaaaat 960

cagaaccctce ggatgttttt ggccatgatc acatatataa ccagaaatca gcccgaatgg 1020
ttcagaaatg ttctaagtat tgctccaata atgttctcaa acaaaatggc gagactggga 1080
aaggggtaca tgtttgagag caagagtatg aaaattagaa ctcaaatacc tgcagaaatg 1140
ctagcaagca tcgatttgaa atacttcaat gattcaacta gaaagaagat tgaaaaaatc 1200
cggccgcetet taatagatgg gactgcatca ttgagccectg gaatgatgat gggcatgttce 1260
aatatgttaa gtactgtatt aggcgtctce atcctgaatc ttggacaaaa gagacacacc 1320
aagactactt actggtggga tggtcttcaa tcttctgatg attttgctet gattgtgaat 1380
gcacccaatc atgaagggat tcaagccgga gtcaacaggt tttatcgaac ctgtaagcta 1440
cttggaatta atatgagcaa gaaaaagtct tacataaaca gaacaggtac atttgaattc 1500
acaagttttt tctatcgtta tgggtttgtt gccaatttca gcatggagct tcecccagettt 1560
ggggtgtcetyg ggatcaacga gtctgcggac atgagtattg gagttactgt catcaaaaac 1620
aatatgataa acaatgatct tggtccagca accgctcaaa tggcccttca getgttcatce 1680
aaagattaca ggtacacgta ccggtgccat agaggtgaca cacaaataca aacccgaaga 1740
tcatttgaaa taaagaaact gtgggagcaa acccattcca aagctggact gcectggtctcce 1800
gacggaggcc caaatttata caacattaga aatctccaca ttcctgaagt ctgcttgaaa 1860
tgggaattaa tggatgagga ttaccagggg cgtttatgca acccactgaa cccatttgtce 1920
aaccataaag acattgaatc agtgaacaat gcagtgataa tgccagcaca tggtccagcce 1980
aaaaacatgg agtatgatgc tgttgcaaca acacactcct ggatccccaa aagaaatcga 2040
tccatcttga atacaagcca aagaggaata cttgaagatg aacaaatgta ccaaaagtgc 2100
tgcaacttat ttgaaaaatt cttccccage agttcataca gaagaccagt cgggatatcc 2160
agtatggtgg aggctatggt ttccagagcc cgaattgatg cacgaattga tttcgaatct 2220
ggaaggataa agaaagagga gttcactgag atcatgaaga tctgttccac cattgaagag 2280
ctcagacggc aaaaatagtg aatttagctt gtceccttcatg aaaaaatgcce ttgtttctac 2340
t 2341
<210> SEQ ID NO 51

<211> LENGTH: 2233

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 51

agcgaaagca ggtactgatt caaaatggaa gattttgtge gacaatgett caatccgatg 60
attgtcgage ttgcggaaaa ggcaatgaaa gagtatggag aggacctgaa aatcgaaaca 120
aacaaatttyg cagcaatatg cactcacttg gaagtgtget tcatgtattce agattttcac 180
ttcatcgatyg agcaaggcga gtcaatagte gtagaacttg gegatccaaa tgcacttttg 240
aagcacagat ttgaaataat cgagggaaga gatcgcacaa tagectggac agtaataaac 300

agtatttgca acactacagg ggctgagaaa ccaaagtttc taccagattt gtatgattac 360
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aagaagaata

gaaaaggcca

gaggaaatgg

accaggctat

cagtccgaga

aagcttgeceg

gtggatggat

gtaaatgcta

gggccteect

gaggacccaa

acattctttyg

aattatcttce

aaaattccaa

aacatggcac

tatgatagtg

aaggcatgtg

gctccaatty

tgcagagcca

tcctgtgeag

dagggaaggce

aatgacaccyg

gaaccacaca

gccataggee

attaaaatga

gagagtatga

gaaaacaaat

attgggaagg

ccacaactag

agggacaacc

tgcctgatta

catgcattga

ccttgtttet

gattcatcga

ataaaattaa

ccacaaaggc

tcaccataag

daggcgaaga

accaaagtct

tcgaaccgaa

gaattgaacc

gttctcageyg

gtcatgaggg

gatggaagga

tgtcatggaa

ggactaaaaa

cagaaaaggt

atgaaccaga

aactgaccga

aacacattge

cagaatacat

caatggatga

gaaagaccaa

atgtggtaaa

aatgggagaa

atgtgtcaag

aatgggggat

ttgaagctga

cagaaacatg

tctgcagaac

aaggattttc

tggaacctygg

atgatccctyg

gatagttgtyg

act

<210> SEQ ID NO 52
<211> LENGTH: 1565

<212> TYPE:
<213> ORGANISM:

DNA

<400> SEQUENCE: 52

aattggagta

atctgagaag

cgactacact

acaagaaatg

gacaattgaa

cccgceccaaac

cggctacatt

ttttttgaaa

gtccaaattce

agaggggata

acccaatgtt

gcaagtactyg

tatgaagaaa

agactttgac

attgaggtcg

ttcaagctygyg

aagcatgaga

aatgaagggg

tttccaatta

tttgtacggt

ctttgtgage

gtactgtgtt

gectatgtte

ggaaatgagg

gtcetetgte

gecegttgga

tttattggca

agctgaatca

gacctttgat

ggttttgett

gcaatgctac

Influenza A virus

acaaggagag
acacacatcc
ctcgatgaag
gctagcagag
gaaagatttyg
ttcteccagee
gagggcaagce
tcaacaccac
ctgctgatgyg
ccgcetatatg
gttaaaccac
gcagaactge
acgagtcagt
gattgtaaag
cttgcaagtt
atagagcteg
aggaattatt
gtgtacatca
attccaatga
ttcatcataa
atggagtttt
cttgaggtag
ttgtatgtga
cgttgectee
aaggagaaag
gagtccccca
aagtcggtat
agaaaactgc
cttggggggc
aatgcttett

tatttgctat

aagttcacat atactatctg

acattttcte attcactggyg

aaagcagggc taggatcaaa

gectetggga ttectttegt

aaatcacagg aacaatgcge

ttgaaaaatt tagagcctat

tttctcaaat gtccaaagaa

gaccacttag acttccggat

atgccttaaa attaagcatt

atgcaatcaa atgcatgaga

acgaaaaggg aataaatcca

aggacattga gaatgaggag

taaagtgggc acttggtgag

atgtaggcga tttgaagcaa

ggattcagaa tgagttcaac

atgagattgg agaagatgcg

tcacagcaga ggtgtctcat

atactgccett gcttaatgea

taagcaagtyg tagaactaag

aaggaagatc ccacttaagg

ccctcactga cccaagactt

gagatatgct tctaagaagt

ggacaaatgg aacctcaaaa

ttcagtcact tcaacaaatc

acatgaccaa agagttcttt

aaggagtgga ggaaggttcc

tcaacagctt gtatgcatct

ttettategt tcaggetett

tatatgaagc aattgaggag

ggttcaacte cttcctcaca

ccatactgtce caaaaaagta

agcaaaagca gggtagataa tcactcacag agtgacateg aaatcatgge gaccaaaggce

accaaacgat cttacgaaca gatggagact gatggagaac gccagaatge cactgaaatc

agagcatctyg tcggaaaaat gattgatgga attggacgat tctacatcca aatgtgcacce

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2233

60

120

180
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gaacttaaac tcagtgatta tgagggacgg ctgattcaga acagcttaac aatagagaga 240
atggtgctet ctgcttttga cgagaggagg aataaatatc tagaagaaca tcccagtgcg 300
gggaaagatc ctaagaaaac tggaggacct atatacagga gagtagatgg aaagtggagg 360
agagaactca tcctttatga caaagaagaa ataagacgaa tctggcgcca agctaataat 420
ggtgacgatyg caacggctgg tctgactcac atgatgatct ggcactccaa tttgaatgat 480
gcaacttacc agaggacaag agctcttgtt cgcacaggaa tggatcccag gatgtgctca 540
ctgatgcagg gttcaaccct ccctaggagg tetggggecg caggtgctge agtcaaagga 600
gttggaacaa tggtgatgga attgatcaga atgatcaaac gtgggatcaa tgatcggaac 660
ttetggaggyg gtgagaatgg acggagaaca aggattgcett atgaaagaat gtgcaacatt 720
ctcaaaggga aatttcaaac agctgcacaa agaacaatgg tggatcaagt gagagagagce 780
cggaatccag gaaatgctga gttcgaagat ctcatctttt tagcacggtce tgcactcata 840
ttgagagggt cagttgctca caagtcctge ctgectgect gtgtgtatgg atctgecgta 900
gccagtggat acgactttga aagagaggga tactctctag tcggaataga ccctttcaga 960
ctgcttcaaa acagccaagt atacagecta atcagaccaa atgagaatcc agcacacaag 1020
agtcaactgg tgtggatggc atgccattct gctgcatttg aagatctaag agtatcaagc 1080
ttcatcagag ggacgaaagt ggtcccaaga gggaagcttt ccactagagg agttcaaatt 1140
gctteccaatg aaaacatgga gactatggaa tcaagtaccc ttgaactgag aagcagatac 1200
tgggccataa ggaccagaag tggagggaac accaatcaac agagggcttce ctcgggccaa 1260
atcagcatac aacctacgtt ctcagtacag agaaatctcc cttttgacag accaaccatt 1320
atggcagcat tcactgggaa tacagagggg agaacatctg acatgagaac cgaaatcata 1380
aggctgatgg aaagtgcaag accagaagat gtgtctttcce aggggcgggg agtcttcgag 1440
ctctcggacg aaaaggcaac gagcccgatce gtgeccctect ttgacatgag taatgaagga 1500
tcttatttet tcggagacaa tgcagaggag tacgacaatt aaagaaaaat acccttgttt 1560
ctact 1565
<210> SEQ ID NO 53
<211> LENGTH: 1775
<212> TYPE: DNA
<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 53
agcaaaagca ggggaaaata aaaacaacca aaatgaaggc aaaactactyg gtcctgttat 60
atgcatttgt agctacagat gcagacacaa tatgtatagg ctaccatgcg aacaactcaa 120
ccgacactgt tgacacaata ctcgagaaga atgtggcagt gacacattct gttaacctge 180
tcgaagacag ccacaacggg aaactatgta aattaaaagg aatagcccca ctacaattgg 240
ggaaatgtaa catcaccgga tggctcecttgg gaaatccaga atgcgactca ctgcttccag 300
cgagatcatg gtcctacatt gtagaaacac caaactctga gaatggagca tgttatccag 360
gagatctcat cgactatgag gaactgaggg agcaattgag ctcagtatca tcattagaaa 420
gattcgaaat atttcccaag gaaagttcat ggcccaacca cacattcaac ggagtaacag 480
tatcatgcte ccatagggga aaaagcagtt tttacagaaa tttgctatgg ctgacgaaga 540
agggggattc atacccaaag ctgaccaatt cctatgtgaa caataaaggyg aaagaagtcce 600
ttgtactatg gggtgttcat cacccgtcta gcagtgatga gcaacagagt ctctatagta 660
atggaaatgc ttatgtctct gtagegtett caaattataa caggagattc accccggaaa 720
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tagctgcaag gcccaaagta agagatcaac atgggaggat gaactattac tggaccttge 780
tagaacccgg agacacaata atatttgagg caactggtaa tctaatagca ccatggtatg 840
ctttegecact gagtagaggg tttgagtcceg geatcatcac ctcaaacgeyg tcaatgcatg 900
agtgtaacac gaagtgtcaa acaccccagg gagctataaa cagcaatctce cctttccaga 960
atatacaccc agtcacaata ggagagtgcc caaaatatgt caggagtacc aaattgagga 1020
tggttacagg actaagaaac atcccatcca ttcaatacag aggtctattt ggagccattg 1080
ctggttttat tgagggggga tggactggaa tgatagatgg atggtatggt tatcatcatc 1140
agaatgaaca gggatcaggc tatgcagcgg atcaaaaaag cacacaaaat gccattaacg 1200
ggattacaaa caaggtgaac tctgttatcg agaaaatgaa cactcaattc acagctgtgg 1260
gtaaagaatt caacaactta gaaaaaagga tggaaaattt aaataaaaaa gttgatgatg 1320
ggtttctgga catttggaca tataatgcag aattgttagt tctactggaa aatgaaagga 1380
ctttggattt ccatgactta aatgtgaaga atctgtacga gaaagtaaaa agccaattaa 1440
agaataatgc caaagaaatc ggaaatgggt gttttgagtt ctaccacaag tgtgacaatg 1500
aatgcatgga aagtgtaaga aatgggactt atgattatcc aaaatattca gaagaatcaa 1560
agttgaacag ggaaaagata gatggagtga aattggaatc aatgggggtg tatcagattc 1620
tggcgatcta ctcaactgtc gccagttcac tggtgctttt ggtctccctg ggggcaatca 1680
gtttctggat gtgttctaat gggtctttgce agtgcagaat atgcatctga gattaggatt 1740
tcagaaatat aaggaaaaac acccttgttt ctact 1775
<210> SEQ ID NO 54
<211> LENGTH: 1409
<212> TYPE: DNA
<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 54
agcgaaagca ggagtttaaa tgaatccaaa ccagaaaata ataaccattyg ggtcaatctg 60
tatggtagtc ggaataatta gcctaatatt gcaaatagga aatataatct caatatggat 120
tagccattca attcaaaccg gaaatcaaaa ccatactgga atatgcaacc aaggcagcat 180
tacctataaa gttgttgctg ggcaggactce aacttcagtg atattaaccyg gcaattcate 240
tctttgtece atcegtgggt gggctataca cagcaaagac aatggcataa gaattggtte 300
caaaggagac gtttttgtca taagagagcc ttttatttca tgttctcact tggaatgcag 360
gacctttttt ctgactcaag gcgecttact gaatgacaag cattcaaggg ggacctttaa 420
ggacagaagce ccttataggg ccttaatgag ctgccctgte ggtgaagetc cgtcecccgta 480
caattcaagg tttgaatcgg ttgcttggtce agcaagtgca tgtcatgatyg gaatgggcetg 540
gctaacaatce ggaatttctg gtccagatga tggagcagtg gectgtattaa aatacaaccy 600
cataataact gaaaccataa aaagttggag gaagaatata ttgagaacac aagagtctga 660
atgtacctgt gtaaatggtt catgttttac cataatgacc gatggcccaa gtgatgggcet 720
ggectegtac aaaattttca agatcgagaa ggggaaggtt actaaatcga tagagttgaa 780
tgcacctaat tctcactacg aggaatgttce ctgttaccct gataccggca aagtgatgtg 840
tgtgtgcaga gacaattggc acggttcgaa ccgaccatgg gtgtectteg accaaaacct 900
agattataaa ataggataca tctgcagtgg ggttttcggt gacaaccege gtcccaaaga 960
tggaacaggc agctgtggcecc cagtgtctge tgatggagca aacggagtaa agggattttce 1020
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atataagtat ggcaatggtg tttggatagg aaggactaaa agtgacagtt ccagacatgg 1080
gtttgagatg atttgggatc ctaatggatg gacagagact gatagtaggt tctctatgag 1140
acaagatgtt gtggcaataa ctaatcggtc agggtacagc ggaagtttcg ttcaacatcc 1200
tgagctaaca gggctagact gtatgaggcc ttgcttcectgg gttgaattaa tcagggggct 1260
acctgaggag gacgcaatct ggactagtgg gagcatcatt tectttttgtg gtgtgaatag 1320
tgatactgta gattggtctt ggccagacgg tgctgagttg ccgttcacca ttgacaagta 1380
gtttgttcaa aaaactcctt gtttctact 1409
<210> SEQ ID NO 55
<211> LENGTH: 1027
<212> TYPE: DNA
<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 55
agcaaaagca ggtagatatt gaaagatgag tcttctaacce gaggtcgaaa cgtacgttct 60
ctctategte ccegtcaggcce ccctcaaage cgagatcgea cagagacttyg aagatgtett 120
tgcagggaag aacaccgatc ttgaggttct catggaatgg ctaaagacaa gaccaatcct 180
gtcacctetyg actaagggga ttttaggatt tgtgttcacg ctcaccgtge ccagtgageg 240
gggactgcayg cgtagacgct ttgtccaaaa tgctcttaat gggaacggag atccaaataa 300
catggacaaa gcagttaaac tgtataggaa gcttaagagg gagataacat tccatgggge 360
caaagaaata gcactcagtt attctgetgg tgcacttgec agttgtatgg gcctcatata 420
caacaggatg ggggctgtga ccactgaagt ggcatttgge ctggtatgeg caacctgtga 480
acagattgct gactcccage atcggtctca taggcaaatyg gtgacaacaa ccaatccact 540
aatcagacat gagaacagaa tggttctagc cagcactaca gctaaggcta tggagcaaat 600
ggctggateyg agtgagcaag cagcagaggc catggatatt gctagtcagg ccaggcaaat 660
ggtgcaggeyg atgagaaccyg ttgggactca tcctagetce agtgctggtce taaaagatga 720
tcttettgaa aatttgcagg cctatcagaa acgaatgggyg gtgcagatgce aacgattcaa 780
gtgatcctet cgtcattgca gcaaatatca ttggaatctt gcacttgata ttgtggattce 840
ttgatcgtct ttttttcaaa tgcatttatc gtcgctttaa atacggtttg aaaagagggc 900
cttctacgga aggagtgcca gagtctatga gggaagaata tcgaaaggaa cagcagaatg 960
ctgtggatgt tgacgatggt cattttgtca acatagagct ggagtaaaaa actaccttgt 1020
ttctact 1027
<210> SEQ ID NO 56
<211> LENGTH: 890
<212> TYPE: DNA
<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 56
agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagce tttcaggtag 60
attgctttet ttggcatgtc cgcaaaagag ttgcagacca agaactaggt gatgccccat 120
tccttgateg gettegecga gatcagaagt cectaagagg aagaggcage actcttggte 180
tggacatcga aacagccacc cgtgctggaa agcaaatagt ggagcggatt ctgaaggaag 240
aatctgatga ggcactcaaa atgaccatgg cctcectgtace tgcatcgege tacctaactg 300
acatgactct tgaggaaatg tcaaggcact ggttcatget catgcccaag cagaaagtgg 360
caggcectet ttgtatcaga atggaccagg cgatcatgga taagaacatc atactgaaag 420
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cgaacttcag tgtgattttt gaccggetgg agactctaat attactaagyg gccttcaccyg 480
aagaggggac aattgttggc gaaatttcac cactgcccte tcttccagga catactgatg 540
aggatgtcaa aaatgcagtt ggggtcctca tcggaggact tgaatggaat aataacacag 600
ttcgagtcete tgaaactcta cagagattcg cttggagaag cagtaatgag aatgggagac 660
ctccactcac tccaaaacag aaacggaaaa tggcgggaac aattaggtca gaagtttgaa 720
gaaataagat ggttgattga agaagtgaga cacagactga agataacaga gaatagtttt 780
gagcaaataa catttatgca agccttacaa ctattgettg aagtggagca agagataaga 840
actttctegt ttcagcttat ttaataataa aaaacaccct tgtttctact 890
<210> SEQ ID NO 57
<211> LENGTH: 5833
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL
<400> SEQUENCE: 57
gacggatcgyg gagatctccee gatccectat ggtgcactcet cagtacaatc tgctcectgatg 60
ccgecatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtceget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge 180
ttagggttag gcgttttgceg ctgcttegeg atgtacggge cagatatacyg cgttgacatt 240
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 300
tggagttceg cgttacataa cttacggtaa atggcccgece tggctgaccyg cccaacgace 360
ccegeccatt gacgtcaata atgacgtatg tteccatagt aacgccaata gggactttce 420
attgacgtca atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt 480
atcatatgce aagtacgccc cctattgacg tcaatgacgg taaatggecce gcectggeatt 540
atgcccagta catgacctta tgggactttce ctacttggea gtacatctac gtattagtca 600
tcgetattac catggtgatg cggttttgge agtacatcaa tgggcegtgga tageggtttg 660
actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttyg ttttggcace 720
aaaatcaacg ggactttcca aaatgtcgta acaactcege cccattgacyg caaatgggceg 780
gtaggcegtgt acggtgggag gtctatataa gcagagetct ctggctaact agagaaccca 840
ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gctggctage 900
gtgtcgeceyg gagtactggt cgacctccga agttgggggyg gagcagcagg tggtaccacce 960
tgctcctaca gacgaacata taaggcatcc gaaaaaaacg ttctagtcce ataggcgecg 1020
actaccggca gcggcteccga cggcagecga ggtttaccte gacgtaactyg gaggtacaaa 1080
attacagcga cgcctetgge agectceggag ctgtagegece ccecccccaca gccagagcegg 1140
ccaagacaat ccgaaacggg gtagacctgg acgcggateg caagccgece cggcagcgac 1200
ctctagecge cgccegeggag agcgcgagac ggtagcaccee gggtagacceyg ttceegeegtt 1260
tcegagacge cccggcageg acccctagece gecgecgecg cggagagace gagcecggacyg 1320
gtgcccegeeyg ggaccaggta gaccgtteceg cecgtgeccca gecacctecg cgaagcgace 1380
gaaagggcga attctgcaga aagcttaagt ttaaaccgcet gatcagcctce gactgtgect 1440
tctagttgee agccatctgt tgtttgeccce tceeccccecgtge cttecttgac cctggaaggt 1500
gccactceca ctgtecttte ctaataaaat gaggaaattg catcgcattg tctgagtagg 1560
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tgtcattcta ttctgggggyg tggggtgggg caggacagca agggggagga ttgggaagac 1620
aatagcaggc atgctgggga tgcggtgggce tctatggett ctgaggcgga aagaaccagc 1680
tggggctcecta gggggtatce ccacgcgcece tgtagcggeg cattaagcge ggcgggtgtg 1740
gtggttacgc gcagcgtgac cgctacactt gccagcgcec tagcgcccgce tecttteget 1800
ttetteectt cectttcectege cacgttegee ggetttecce gtcaagcectet aaatcggggg 1860
ctccctttag ggttecgatt tagtgcttta cggcaccteg accccaaaaa acttgattag 1920
ggtgatggtt cacgtagtgg gccatcgccce tgatagacgg tttttegecce tttgacgttg 1980
gagtccacgt tctttaatag tggactcttg ttccaaactg gaacaacact caaccctatc 2040
tcggtetatt cttttgattt ataagggatt ttgccgattt cggcctattg gttaaaaaat 2100
gagctgattt aacaaaaatt taacgcgaat taattctgtg gaatgtgtgt cagttagggt 2160
gtggaaagtc cccaggctce ccagcaggca gaagtatgca aagcatgcat ctcaattagt 2220
cagcaaccag gtgtggaaag tccccagget ceccagcagyg cagaagtatyg caaagcatge 2280
atctcaatta gtcagcaacc atagtcccgce ccctaactcecce geccatcceceg cecctaacte 2340
cgcccagtte cgcccattet cegeccccatg gctgactaat tttttttatt tatgcagagg 2400
ccgaggcecge ctcetgectet gagctattcee agaagtagtg aggaggcttt tttggaggcece 2460
taggcttttg caaaaagctc ccgggagctt gtatatccat tttcecggatct gatcaagaga 2520
caggatgagg atcgtttcgce atgattgaac aagatggatt gcacgcaggt tectceccggecg 2580
cttgggtgga gaggctattc ggctatgact gggcacaaca gacaatcggce tgctctgatg 2640
ccgececgtgtt cecggectgtceca gegcagggge gceccecggttet ttttgtcaag accgacctgt 2700
ceggtgecct gaatgaactg caggacgagg cagcgcegget atcegtggetyg gcecacgacgg 2760
gcgttecttyg cgcagetgtg ctegacgttg tcactgaage gggaagggac tggctgctat 2820
tgggcgaagt gccggggcag gatctcectgt catctcacct tgctectgee gagaaagtat 2880
ccatcatggce tgatgcaatg cggcggctgce atacgcttga teccggctacce tgcccattceg 2940
accaccaagc gaaacatcgc atcgagegag cacgtacteg gatggaagece ggtcttgteg 3000
atcaggatga tctggacgaa gagcatcagg ggctcgegece agecgaactyg ttcegecagge 3060
tcaaggcgcg catgcccgac ggcgaggatce tcgtegtgac ccatggcgat gectgcttge 3120
cgaatatcat ggtggaaaat ggccgctttt ctggattcat cgactgtggce cggctgggtg 3180
tggcggaccg ctatcaggac atagcecgttgg ctacccgtga tattgctgaa gagcttggeg 3240
gcgaatggge tgaccgette ctegtgettt acggtatcge cgctceccgat tcegcagegca 3300
tcgectteta tegecttett gacgagttcet tcectgageggg actctggggt tcegaaatgac 3360
cgaccaagcg acgcccaacc tgccatcacg agatttcgat tccaccgceg ccttctatga 3420
aaggttgggce ttcggaatcg ttttceccecggga cgccggetgg atgatcctee agcgcecgggga 3480
tctcatgetg gagttctteg cccaccccaa cttgtttatt gcagcttata atggttacaa 3540
ataaagcaat agcatcacaa atttcacaaa taaagcattt ttttcactgc attctagttg 3600
tggtttgtce aaactcatca atgtatctta tcatgtcetgt ataccgtcga cctctagceta 3660
gagcttggeg taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat 3720
tccacacaac atacgagccg gaagcataaa gtgtaaagcc tggggtgcct aatgagtgag 3780
ctaactcaca ttaattgcgt tgcgctcact gccecgcttte cagtcgggaa acctgtegtg 3840
ccagctgcat taatgaatcg gccaacgcgce ggggagaggce ggtttgcecgta ttgggcgcetce 3900
ttececgettee tegctcactyg actcecgetgeg cteggtegtt cggctgecgge gagcggtatce 3960
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agctcactca aaggcggtaa tacggttatce cacagaatca ggggataacyg caggaaagaa 4020
catgtgagca aaaggccagc aaaaggccag gaaccgtaaa aaggccgegt tgctggegtt 4080
tttccatagg ctccgceccecee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg 4140
gcgaaacceg acaggactat aaagatacca ggcgtttcece cctggaagcet ccctegtgeg 4200
ctctectgtt ccgaccctge cgcttaccgg atacctgtece gectttcectece cttegggaag 4260
cgtggegett tcetcataget cacgctgtag gtatctcagt tecggtgtagg tegttegetce 4320
caagctgggce tgtgtgcacg aacccceccgt tcagcecccgac cgctgegect tatccggtaa 4380
ctatcgtectt gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg 4440
taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce 4500
taactacggc tacactagaa gaacagtatt tggtatctgc gectctgctga agccagttac 4560
cttcggaaaa agagttggta gcectcttgatce cggcaaacaa accaccgctg gtageggttt 4620
ttttgtttgce aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 4680
cttttctacg gggtctgacyg ctcagtggaa cgaaaactca cgttaaggga ttttggtcat 4740
gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc 4800
aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc 4860
acctatctca gcgatctgte tatttegtte atccatagtt gectgactcece cegtegtgta 4920
gataactacg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga 4980
cccacgetea cceggetecag atttatcage aataaaccag ccagccggaa gggcecgagceg 5040
cagaagtggt cctgcaactt tatccgectce catccagtet attaattgtt gecgggaagce 5100
tagagtaagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat 5160
cgtggtgtca cgctegtegt ttggtatgge ttcattcage tccggttcece aacgatcaag 5220
gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agectcecttcecg gtectcecgat 5280
cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag cactgcataa 5340
ttctecttact gtcatgccat ccgtaagatg cttttcectgtg actggtgagt actcaaccaa 5400
gtcattctga gaatagtgta tgcggcgacc gagttgctet tgcccggegt caatacggga 5460
taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac gttctteggg 5520
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtge 5580
acccaactga tcttcagcat cttttacttt caccagegtt tctgggtgag caaaaacagg 5640
aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact 5700
cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat 5760
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt 5820
gccacctgac gtce 5833
<210> SEQ ID NO 58
<211> LENGTH: 5187
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL
<400> SEQUENCE: 58
gacggatcgyg gagatctccee gatccectat ggtgcactcet cagtacaatc tgctcectgatg 60
ccgecatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtceget gagtagtgeg 120
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cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge 180
ttagggttag gcgttttgceg ctgcttegeg atgtacggge cagatatacyg cgttgacatt 240
gattattgac tagcgtgteg cccggagtac tggtcgacct cegaagttgg gggggageag 300
caggtggtac cacctgctcce tacagacgaa catataagge atccgaaaaa aacgttctag 360
tceccatagge gcecgactacce ggcagegget cegacggcag ccgaggttta cctegacgta 420
actggaggta caaaattaca gcgacgecte tggcagcetee ggagetgtag cgccccccce 480
cacagccaga gcggccaaga caatccgaaa cggggtagac ctggacgegyg atcgcaagcece 540
geeccggeayg cgacctctag ccgecgecge ggagagegeg agacggtage acccgggtag 600
accgttcege cgtttecgag acgcceegge agegaccect agecgecgee gcecgeggaga 660
gaccgageeyg gacggtgccee gcecgggacca ggtagaccgt tecgceegtge ceccagccace 720
tcegegaage gaccgaaagg gcgaattetg cagaaagett aagtttaaac cgctgatcag 780
cctegactgt gecttetagt tgccagecat ctgttgtttyg cececteccece gtgecttect 840
tgaccctgga aggtgccact cccactgtece tttectaata aaatgaggaa attgcatcge 900
attgtctgag taggtgtcat tctattectgg ggggtggggt ggggcaggac agcaaggggyg 960
aggattggga agacaatagc aggcatgctg gggatgcggt gggctctatg gettcectgagg 1020
cggaaagaac cagctggggce tctagggggt atccccacge gecctgtage ggcgcattaa 1080
gcgeggeggyg tgtggtggtt acgcegcageg tgaccgctac acttgccagce gccctagegce 1140
ccgctecttt cgetttcette cettecttte tegecacgtt cgccecggcecttt ceccgtcaag 1200
ctctaaatcg ggggctcect ttagggttce gatttagtge tttacggcac ctcgacccca 1260
aaaaacttga ttagggtgat ggttcacgta gtgggccatc gccctgatag acggttttte 1320
gccectttgac gttggagtce acgttcttta atagtggact cttgttccaa actggaacaa 1380
cactcaaccc tatctcggte tattcttttg atttataagg gattttgccg atttcecggect 1440
attggttaaa aaatgagctg atttaacaaa aatttaacgc gaattaattc tgtggaatgt 1500
gtgtcagtta gggtgtggaa agtccccagg ctccccagca ggcagaagta tgcaaagcat 1560
gcatctcaat tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag caggcagaag 1620
tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa cteccgcccat 1680
ccegececta actcecgcecca gtteccgecca tteteccgece catggctgac taattttttt 1740
tatttatgca gaggccgagg ccgcctetge ctetgageta ttccagaagt agtgaggagg 1800
cttttttgga ggcctaggct tttgcaaaaa gctcccggga gettgtatat ccattttegg 1860
atctgatcaa gagacaggat gaggatcgtt tcgcatgatt gaacaagatg gattgcacgc 1920
aggttcteceg gecgettggg tggagaggct attcggetat gactgggcac aacagacaat 1980
cggctgcetet gatgccgecg tgttceccecggcet gtcagcecgcag gggcgceccgg ttetttttgt 2040
caagaccgac ctgtceggtg ccctgaatga actgcaggac gaggcagcege ggctategtg 2100
gctggccacyg acgggcgtte cttgcgcage tgtgctcgac gttgtcactg aagcgggaag 2160
ggactggcetg ctattgggcg aagtgcceggg gcaggatcte ctgtcatctce accttgetece 2220
tgccgagaaa gtatccatca tggctgatge aatgcggegg ctgcatacge ttgatccggce 2280
tacctgccca ttcgaccacce aagcgaaaca tcgcatcgag cgagcacgta ctcggatgga 2340
agccggtett gtcgatcagg atgatctgga cgaagagcat caggggctcg cgccagccga 2400
actgttegece aggctcaagg cgcgcatgce cgacggcgag gatctcegteg tgacccatgg 2460
cgatgcctge ttgccgaata tcatggtgga aaatggcecge ttttectggat tcatcgactg 2520
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tggcecggetyg ggtgtggegyg accgctatca ggacatageg ttggctacce gtgatattge 2580
tgaagagctt ggcggcgaat gggctgaccg cttectegtg ctttacggta tegecgetcece 2640
cgattcgcag cgcatcgect tectatcgect tcettgacgag ttcettectgag cgggactcetg 2700
gggttcgaaa tgaccgacca agcgacgccc aacctgccat cacgagattt cgattccacce 2760
gccgecttet atgaaaggtt gggcecttegga atcgttttec gggacgccgg ctggatgatce 2820
ctccagegeg gggatctcecat getggagtte ttegecccacce ccaacttgtt tattgcaget 2880
tataatggtt acaaataaag caatagcatc acaaatttca caaataaagc atttttttca 2940
ctgcattcta gttgtggttt gtccaaactc atcaatgtat cttatcatgt ctgtataccg 3000
tcgacctecta gectagagett ggcgtaatca tggtcatage tgtttecctgt gtgaaattgt 3060
tatccgcectca caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt 3120
gcctaatgag tgagctaact cacattaatt gegttgcecget cactgccecgce tttecagteg 3180
ggaaacctgt cgtgccagct gcattaatga atcggccaac gcgcggggag aggcggtttyg 3240
cgtattgggce gectcecttceege ttectegete actgactege tgcgetcecggt cgtteggetg 3300
cggcgagcegg tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat 3360
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce 3420
gcgttgetgg cgtttttcecca taggctecge ccccctgacyg agcatcacaa aaatcgacgce 3480
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt tecccectgga 3540
agctcecteg tgcgectctee tgttceccgace ctgccgetta ccggatacct gteccgecttt 3600
ctceccttegg gaagegtgge getttcetcat agctcacget gtaggtatct cagtteggtg 3660
taggtcgttc gectccaaget gggctgtgtg cacgaaccce ccgttcagece cgaccgctgce 3720
gccttateeg gtaactatcg tcttgagtcce aacccggtaa gacacgactt atcgccactg 3780
gcagcagceca ctggtaacag gattagcaga gcgaggtatg taggcggtgce tacagagttce 3840
ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat ctgcgctctg 3900
ctgaagccag ttaccttcegg aaaaagagtt ggtagctcett gatccggcaa acaaaccacc 3960
gctggtageg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 4020
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 4080
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa 4140
tgaagtttta aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc 4200
ttaatcagtg aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga 4260
ctcceegteg tgtagataac tacgatacgg gagggcttac catctggccce cagtgctgca 4320
atgataccge gagacccacg ctcaccgget ccagatttat cagcaataaa ccagccagece 4380
ggaagggcceg agcgcagaag tggtcctgca actttatceg cctceccatcca gtctattaat 4440
tgttgcecggg aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcece 4500
attgctacag gcatcgtggt gtcacgctcg tcecgtttggta tggcttcatt cagctcecggt 4560
tceccaacgat caaggcgagt tacatgatce cccatgttgt gcaaaaaagce ggttagctcce 4620
ttecggtecte cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg 4680
gcagcactgce ataattctct tactgtcatg ccatccgtaa gatgetttte tgtgactggt 4740
gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctecttgeccyg 4800
gcgtcaatac gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga 4860
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aaacgttett

taacccactce

tgagcaaaaa

tgaatactca

atgagcggat

tttecceccgaa

cggggcgaaa

gtgcacccaa

caggaaggca

tactcttect

acatatttga

aagtgccacc

<210> SEQ ID NO 59
<211> LENGTH: 3959

<212> TYPE:

DNA

actctcaagg

ctgatcttca

aaatgccgea

ttttcaatat

atgtatttag

tgacgte

atcttaccge tgttgagatc cagttcgatg

gecatctttta ctttcaccag cgtttetggyg

aaaaagggaa
tattgaagca

aaaaataaac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL

<400> SEQUENCE: 59

gaattccgga

gtgcttattt

ataggtacat

tatatcaacg

aaatctcgat

ggaacctett

ggtatcaaca

ttattcggeg

gtttttgagg

acggggtgge

ggcttactat

aaggctgcac

actgactcge

ggagatttce

agecgttttt

agtggtggcg

tegtgegete

gtttgtctea

tgtatgcacg

gagtccaace

agaggagtta

tgactgeget

cgaaaaaccyg

aaaacgatct

cgacagcatce

atgcgcacce

ttegetactt

tacgtagaca

catceggete

tgagcattca

ttetttacgg

tgagcaactg

gtggtatatc

aactcaaaaa

acgtgecegat

gggacaccag

caaagtgegt

tgctccagty

gegtaacgge

gttggcactyg

cggtgegtcea

tacgcteggt

tggaagatgc

ccataggetce

aaacccgaca

teetgttect

ttccacgect

aaccceeegt

cggaaagaca

gtcttgaagt

cctecaagec

ccctgcaagy

caagaagatc

gccagtcact

gtteteggag

ggagccacta

ctgtgtetee

gtataatgtyg

tcaggcgggc

tctttaaaaa

actgaaatgc

cagtgatttt

atacgccegyg

caacgtctca

gatttattta

cgggtgatgc

gettetgttt

aaaagcaccg

atgagggtgt

gcagaatatg

cgttegactyg

caggaagata

cgececeecty

ggactataaa

gecttteggt

gacactcagt

tcagtccgac

tgcaaaagca

catgcgeegyg

agttaccteg

cggtttttte

atcttattaa

atggcgtget

cactgtcega

tcgactacge

ggaagacctt

tggaattgtg

aagaatgtga

ggcegtaata

ctcaaaatgt

tttctccatt

tagtgatcett

ttttcgccaa

ttctgcgaag

tgccaactta

ctatcagetg

ccggacatca

cagtgaagtyg

tgatacagga

c¢ggcgagegy

cttaacaggg

acaagcatca

gataccaggce

ttaccggtgt

tccgggtagg

cgectgegect

ccactggcag

ttaaggctaa

gttcaaagag

gttttcagag

tcagataaaa

gctagegeta

cegetttgge

gatcatggcyg

ccattctgaa

agcggataac

taagggcgac

tttatcaggyg

aaataggggt

ataaaggccg

tccagetgaa

tctttacgat

ttagcttect

atttcattat

aagttggcce

tgatctteeg

ctgatttagt

tcecctectgt

gegetagegyg

cttcatgtygy

tatattcecge

aaatggctta

aagtgagagg

cgaaatctga

gtttcecect

cattcegety

cagttegete

tatccggtaa

cagccactgg

actgaaagga

ttggtagcetce

caagagatta

tatttctaga

tatgcgttga

cgecegeccag

accacacccg

atgagcetgtt

aatttcacac

acggaaatgt
ttattgtcte

tccgegcaca

gataaaactt

cggtetggtt

gecattggga

tagctectga

ggtgaaagtt

agggcttece

tcacaggtat

gtatgatggt

tcagctactyg

agtgtatact

caggagaaaa

ttcctegete

cgaacggggc

gecgeggeaa

cgctcaaatce

ggceggetece

ttatggcege

caagctggac

ctatcgtett

taattgattt

caagttttgg

agagaacctt

cgcgcagace

tcgtecatte

tgcaatttet

tcctgetege

tcctgtgtaa

gacaattaat

aggaaacaga

4920

4980

5040

5100

5160

5187

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ccatgggaat tcgagctcgg tacccgggga tcectctagat ttaagaagga gatatacata 1800
tgagtaaagg agaagaactt ttcactggag ttgtcccaat tcttgttgaa ttagatggtg 1860
atgttaatgg gcacaaattt tctgtcagtg gagagggtga aggtgatgca acatacggaa 1920
aacttaccct taaatttatt tgcactactg gaaaactacc tgttccatgg ccaacacttg 1980
tcactacttt cgcgtatggt cttcaatgct ttgcgagata cccagatcat atgaaacagc 2040
atgacttttt caagagtgcc atgcccgaag gttatgtaca ggaaagaact atatttttca 2100
aagatgacgg gaactacaag acacgtgctg aagtcaagtt tgaaggtgat acccttgtta 2160
atagaatcga gttaaaaggt attgatttta aagaagatgg aaacattctt ggacacaaat 2220
tggaatacaa ctataactca cacaatgtat acatcatggc agacaaacaa aagaatggaa 2280
tcaaagttaa cttcaaaatt agacacaaca ttgaagatgg aagcgttcaa ctagcagacc 2340
attatcaaca aaatactcca attggcgatg gccctgtect tttaccagac aaccattacc 2400
tgtccacaca atctgcccett tcgaaagatc ccaacgaaaa gagagaccac atggtcecttce 2460
ttgagtttgt aacagctgct gggattacac atggcatgga tgaactatac aaataaatgt 2520
ccagacctgce agccaagctce ccaagcettgg ctgttttgge ggatgagaga agattttcag 2580
cctgatacag attaaatcag aacgcagaag cggtctgata aaacagaatt tgcctggegg 2640
cagtagcgeg gtggteccac ctgaccecat gecgaactca gaagtgaaac gccgtagcege 2700
cgatggtagt gtggggtctc cccatgcgag agtagggaac tgccaggcat caaataaaac 2760
gaaaggctca gtcgaaagac tgggcctttce gttttatctg ttgtttgtcg gtgaacgcetce 2820
tcctgagtag gacaaatccg ccgggagegg atttgaacgt tgcgaagcaa cggeccggag 2880
ggtggceggge aggacgcccg ccataaactg ccaggcatca aattaagcag aaggccatcce 2940
tgacggatgg cctttttgeg tttctacaaa ctecttttgtt tatttttcta aatacattca 3000
aatatgtatc cgctcatgag acaataaccc tgataaatgc ttcaataatg gagacacagt 3060
gtcagatctt aaccggcage gcccaacagt cccccggeca cggggectge caccataccce 3120
acgccgaaac aagcgccctg caccattatg tteccggatcect gecatcgcagg atgctgetgg 3180
ctaccctgtg gaacacctac atctgtatta acgaagcgct aaccgttttt atcaggctcet 3240
gggaggcaga ataaatgatc atatcgtcaa ttattacctc cacggggaga gcctgagcaa 3300
actggcctca ggcatttgag aagcacacgg tcacactgct tccggtagtce aataaaccgg 3360
taaaccagca atagacataa gcggctattt aacgaccctg ccctgaaccg acgaccgggt 3420
cgaatttgct ttcgaatttc tgccattcat ccgcttatta tcacttattce aggcgtagca 3480
ccaggcgttt aagggcacca ataactgcct taaaaaaatt acgccccgece ctgccactca 3540
tcgcagtact gttgtaattc attaagcatt ctgccgacat ggaagccatc acagacggca 3600
tgatgaacct gaatcgccag cggcatcagce accttgtege cttgcgtata atatttgecce 3660
atggtgaaaa cgggggcgaa gaagttgtcce atattggcca cgtttaaatc aaaactggtg 3720
aaactcaccc agggattggc tgagacgaaa aacatattct caataaaccce tttagggaaa 3780
taggccaggt tttcaccgta acacgccaca tcttgcgaat atatgtgtag aaactgccgg 3840
aaatcgtcegt ggtattcact ccagagcgat gaaaacgttt cagtttgctce atggaaaacg 3900

gtgtaacaag ggtgaacact atcccatatc accagctcac cgtctttcat tgccatacg 3959

<210> SEQ ID NO 60

<211> LENGTH: 23618
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: COMPLETELY ARTIFICIAL
<400> SEQUENCE: 60
gecggetaaa gtgtctacgt attacacagg acgggtgtgg tegecatgat cgegtagteg 60
atagtggcte caagtagecga agcgagcagg actgggegge ggccaaageg gteggacagt 120
getecgagaa cgggtgcegca tagaaattge atcaacgcat atagegetag cagcacgeca 180
tagtgactgg cgatgctgte ggaatggacg atctagaaat attttatctg attaataaga 240
tgatcttett gagategttt tggtectgege gtaatctett getctgaaaa cgaaaaaacce 300
gecttgcagg geggttttte gaaggttete tgagctacca actctttgaa ccgaggtaac 360
tggcttggag gagcgcagte accaaaactt gtectttecag tttagectta accggegeat 420
gacttcaaga ctaactcctce taaatcaatt accagtgget getgecagtg gtgettttge 480
atgtctttce gggttggact caagacgata gttaccggat aaggcgcage ggtcggactg 540
aacggggggt tcgtgecatac agtccagett ggagegaact gectaccegg aactgagtgt 600
caggcgtgga atgagacaaa cgcggcecata acageggaat gacacceggta aaccgaaagg 660
caggaacagg agagcgcacg agggagecge cagggggaaa cgectggtat ctttatagte 720
ctgtcegggtt tegecaccac tgatttgage gtcagattte gtgatgettyg tcagggggge 780
ggagcctatyg gaaaaacgge tttgcegegg ccctcetcact tecctgttaa gtatettect 840
ggcatcttee aggaaatctce cgcccegtte gtaagccatt teegetegec geagtegaac 900
gaccgagegt agcgagtcag tgagcgagga agceggaatat atcctgtatce acatattetg 960

ctgacgcacc ggtgcagecct tttttcectcecct gccacatgaa gcacttcact gacaccctca 1020
tcagtgccaa catagtaagc cagtatacac tccgctageg ctgatgtccg geggtgettt 1080
tgcegttacyg caccaccccg tcagtagetg aacaggaggyg acagctgata gaaacagaag 1140
ccactggagc acctcaaaaa caccatcata cactaaatca gtaagttggc agcatcaccc 1200
gacgcacttt gcgccgaata aatacctgtg acggaagatc acttcgcaga ataaataaat 1260
cctggtgtee ctgttgatac cgggaagcce tgggccaact tttggcgaaa atgagacgtt 1320
gatcggcacg taagaggttc caactttcac cataatgaaa taagatcact accgggcgta 1380
ttttttgagt tatcgagatt ttcaggagct aaggaagcta aaatggagaa aaaaatcact 1440
ggatatacca ccgttgatat atcccaatgg catcgtaaag aacattttga ggcatttcag 1500
tcagttgctc aatgtaccta taaccagacc gttcagetgg atattacggce ctttttaaag 1560
accgtaaaga aaaataagca caagttttat ccggccttta ttcacattcect tgcccgectg 1620
atgaatgctc atccggaatt ccgtatggca atgaaagacg gtgagctggt gatatgggat 1680
agtgttcacc cttgttacac cgttttccat gagcaaactg aaacgttttc atcgctectgg 1740
agtgaatacc acgacgattt ccggcagttt ctacacatat attcgcaaga tgtggcgtgt 1800
tacggtgaaa acctggccta tttccectaaa gggtttattg agaatatgtt tttecgtctca 1860
gccaatcect gggtgagttt caccagtttt gatttaaacg tggccaatat ggacaacttce 1920
ttecgecceceg ttttcaccat gggcaaatat tatacgcaag gcgacaaggt getgatgecg 1980
ctggcgattc aggttcatca tgccgtectgt gatggcttecce atgtcggcag aatgcttaat 2040
gaattacaac agtactgcga tgagtggcag ggcggggcgt aattttttta aggcagttat 2100
tggtgcectt aaacgcctgg tgctacgcct gaataagtga taataagcgg atgaatggca 2160

gaaattcgaa agcaaattcg acccggtegt cggttcaggg cagggtcgtt aaatagecge 2220
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ttatgtctat tgctggttta ccggtttatt gactaccgga agcagtgtga ccgtgtgett 2280
ctcaaatgcce tgaggccagt ttgctcaggce tcteccegtg gaggtaataa ttgacgatat 2340
gatcatttat tctgcctcce agagcctgat aaaaacggtt agecgcttcecgt taatacagat 2400
gtaggtgttc cacagggtag ccagcagcat cctgcgatgce agatccggaa cataatggtg 2460
cagggcgcett gttteggegt gggtatggtg gcaggcccecg tggccecggggg actgttggge 2520
gctgecggtt aagatctgac acttaagccce gggcgttgac attgattatt gactagttat 2580
taatagtaat caattacggg gtcattagtt catagcccat atatggagtt ccgcgttaca 2640
taacttacgg taaatggccc gectggctga ccgecccaacg acccccgcecece attgacgtca 2700
ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtg 2760
gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat gccaagtacg 2820
cceectattg acgtcaatga cggtaaatgg ccecgectgge attatgccca gtacatgacce 2880
ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatggtg 2940
atgcggtttt ggcagtacat caatgggcgt ggatagcggt ttgactcacg gggatttcca 3000
agtctccacce ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt 3060
ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg gcggtaggceg tgtacggtgg 3120
gaggtctata taagcagagc tctcectggcta actagagaac ccactgctta ctggcttatce 3180
gaaattaata cgactcacta tagggagacc caagctggct agcgtgtcgce ccggagtact 3240
ggtcgaccte cgaagttggg ggggagcgaa agcaggtcaa ttatattcaa tatggaaaga 3300
ataaaagaac taaggaatct aatgtcgcag tctcecgcactc gcgagatact cacaaaaacc 3360
accgtggace atatggccat aatcaagaag tacacatcag gaagacagga gaagaaccca 3420
gcacttagga tgaaatggat gatggcaatg aaatatccaa ttacagcaga caagaggata 3480
acggaaatga ttcctgagag aaatgagcag ggacaaactt tatggagtaa aatgaatgac 3540
gccggatcag accgagtgat ggtatcacct ctggctgtga catggtggaa taggaatgga 3600
ccagtgacaa gtacagttca ttatccaaaa atctacaaaa cttattttga aaaagtcgaa 3660
aggttaaaac atggaacctt tggccctgtce cattttagaa accaagtcaa aatacgtcga 3720
agagttgaca taaatcctgg tcatgcagat ctcagtgcca aagaggcaca ggatgtaatc 3780
atggaagttg ttttccctaa cgaagtggga gccaggatac taacatcgga atcgcaacta 3840
acgacaacca aagagaagaa agaagaactc cagggttgca aaatttctcecce tetgatggtg 3900
gcatacatgt tggagagaga actggtccgce aaaacgagat tcecctcccagt ggcetggtgga 3960
acaagcagtg tgtacattga agtgttgcat ttgacccaag gaacatgctg ggaacagatg 4020
tacactccag gaggggaggc gaggaatgat gatgttgatc aaagcttaat tattgctget 4080
agaaacatag taagaagagc cacagtatca gcagatccac tagcatcttt attggagatg 4140
tgccacagca cgcagattgg tggaataagg atggtaaaca tccttaggca gaacccaaca 4200
gaagagcaag ccgtggatat ttgcaaggct gcaatgggac tgagaattag ctcatcctte 4260
agttttggtg gattcacatt taagagaaca agcggatcat cagtcaagag agaggaagag 4320
gtgcttacgg gcaatcttca gacattgaag ataagagtac atgagggata tgaagagttc 4380
acaatggttg ggagaagagc aacagctata ctcagaaaag caaccaggag attgattcag 4440
ctgatagtga gtgggagaga cgaacagtcg attgccgaag caataattgt ggccatggta 4500
ttttcacaag aggattgtat gataaaagca gttagaggtg acctgaattt cgtcaatagg 4560
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gcgaatcagce gattgaatce catgcaccaa cttttgagac attttcagaa ggatgcaaag 4620
gtgctcttte aaaattgggg aattgaatcc atcgacaatg tgatgggaat gatcgggata 4680
ttgccecgaca tgactccaag caccgagatg tcaatgagag gagtgagaat cagcaaaatg 4740
ggggtagatg agtattccag cgcggagaag atagtggtga gcattgaccg ttttttgaga 4800
gttagggacc aacgtgggaa tgtactactg tctcccgagg agatcagtga aacacaggga 4860
acagagaaac tgacaataac ttactcatcg tcaatgatgt gggagattaa tggtcctgaa 4920
tcagtgttgg tcaataccta tcagtggatc atcagaaact gggaaactgt taaaattcag 4980
tggtcccaga atcctacaat gcectgtacaat aaaatggaat ttgagccatt tcagtcettta 5040
gttccaaagg ccgttagagg ccaatacagt gggtttgtga gaactctgtt ccaacaaatg 5100
agggatgtgce ttgggacatt tgataccgct cagataataa aacttcttece cttegcagcece 5160
gctccaccaa agcaaagtag aacgcagttc tcctcattga ctataaatgt gaggggatca 5220
ggaatgagaa tacttgtaag gggcaattct ccagtattca actacaacaa gaccactaaa 5280
agactcacag ttctcggaaa ggatgctggce cctttaactg aagacccaga tgaaggcaca 5340
gctggagttyg agtccgcagt tctgagagga ttcectcatte tgggcaaaga agacaggaga 5400
tatggaccag cattaagcat aaatgaactg agcaaccttg cgaaaggaga gaaggctaat 5460
gtgctaattyg ggcaaggaga cgtggtgttg gtaatgaaac ggaaacggaa ctctagcata 5520
cttactgaca gccagacagc gaccaaaaga attcggatgg ccatcaatta gtgtcgaata 5580
gtttaaaaac gaccttgttt ctactacaga cgaacatata aggcatccga aaaaaacgtt 5640
ctagtcccat aggcegecgac taccggecage ggetccgacyg gcagecgagyg tttacctcga 5700
cgtaactgga ggtacaaaat tacagcgacg cctcectggcag ctccggaget gtagcegcccce 5760
cceccacage cagageggcece aagacaatcce gaaacggggt agacctggac gcggatcgca 5820
agccgecceg gcagegacct ctagcecgecg cegeggagag cgcgagacgyg tagcacccegg 5880
gtagaccgtt cecgeegttte cgagacgcce cggcagegac cectagecge cgecgecgeg 5940
gagagaccga gccggacggt gccegecggg accaggtaga cegttecgece gtgecccage 6000
cacctcegeg aagcgaccga aagggcgaat tctgcagaaa gcecttaagttt aaaccgctga 6060
tcagcctega ctgtgcectte tagttgccag ccatctgttg tttgccccte cececgtgect 6120
tcettgacce tggaaggtgce cactcccact gtectttect aataaaatga ggaaattgca 6180
tcgcattgte tgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagcaag 6240
ggggaggatt gggaagacaa tagcaggcat gctggggatg cggtgggctc tatggcggece 6300
gegtgtegee cggagtactg gtcgacctcece gaagttgggyg gggagcaaaa gcagggtgac 6360
aaagacataa tggatccaaa cactgtgtca agctttcagg tagattgctt tcetttggcat 6420
gtcecgcaaaa gagttgcaga ccaagaacta ggtgatgccc cattccttga tcggcttege 6480
cgagatcaga agtccctaag aggaagaggce agcactcttyg gtcectggacat cgaaacagcce 6540
acccgtgetg gaaagcaaat agtggagcgg attctgaagg aagaatctga tgaggcactce 6600
aaaatgacca tggcctctgt acctgcatcg cgctacctaa ctgacatgac tcecttgaggaa 6660
atgtcaaggc actggttcat gctcatgcce aagcagaaag tggcaggccce tcetttgtatce 6720
agaatggacc aggcgatcat ggataagaac atcatactga aagcgaactt cagtgtgatt 6780
tttgaccgge tggagactct aatattacta agggccttca ccgaagaggg gacaattgtt 6840
ggcgaaattt caccactgcce ctcectcttecca ggacatactg atgaggatgt caaaaatgca 6900
gttggggtcecc tcatcggagg acttgaatgg aataataaca cagttcgagt ctctgaaact 6960
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ctacagagat tcgcttggag aagcagtaat gagaatggga gacctccact cactccaaaa 7020
cagaaacgga aaatggcggg aacaattagg tcagaagttt gaagaaataa gatggttgat 7080
tgaagaagtg agacacagac tgaagataac agagaatagt tttgagcaaa taacatttat 7140
gcaagcctta caactattge ttgaagtgga gcaagagata agaactttct cgtttcaget 7200
tatttaataa taaaaaacac ccttgtttct actacagacg aacatataag gcatccgaaa 7260
aaaacgttct agtcccatag gecgccgacta ceggcagegyg ctecgacgge agecgaggtt 7320
tacctcgacg taactggagg tacaaaatta cagcgacgcc tctggcaget ccggagetgt 7380
agcgeccccee cccacageca gagcggecaa gacaatccga aacggggtag acctggacge 7440
ggatcgcaag ccgecccgge agcgacctcet agecgecgee geggagageg cgagacggta 7500
gcacccegggt agaccgttece gecegttteceg agacgecccg geagcgaccce ctagecgecyg 7560
cegecgegga gagaccgage cggacggtge cegecgggac caggtagacce gttecgecgt 7620
gcceccageca cctecgegaa gcgaccgage gcgcecgttgac attgattatt gactagttat 7680
taatagtaat caattacggg gtcattagtt catagcccat atatggagtt ccgcgttaca 7740
taacttacgg taaatggccc gectggctga ccgecccaacg acccccgcecece attgacgtca 7800
ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtg 7860
gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat gccaagtacg 7920
cceectattg acgtcaatga cggtaaatgg ccecgectgge attatgccca gtacatgacce 7980
ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatggtg 8040
atgcggtttt ggcagtacat caatgggcgt ggatagcggt ttgactcacg gggatttcca 8100
agtctccacce ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt 8160
ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg gcggtaggceg tgtacggtgg 8220
gaggtctata taagcagagc tctcectggcta actagagaac ccactgctta ctggcttatce 8280
gaaattaata cgactcacta tagggagacc caagctggct agcgtgtcgce ccggagtact 8340
ggtcgaccte cgaagttggg ggggagcgaa agcaggcaaa ccatttgaat ggatgtcaat 8400
ccgactttac ttttcttaaa agtgccagca caaaatgcta taagcacaac tttcccttat 8460
actggagacc ctccttacag ccatgggaca ggaacaggat acaccatgga tactgtcaac 8520
aggacacatc agtactcaga aaggggaaga tggacaacaa acaccgaaac tggagcaccg 8580
caactcaacc cgattgatgg gccactgcca gaagacaatg aaccaagtgg ttatgcccaa 8640
acagattgtg tattggaagc aatggccttc cttgaggaat cccatcctgg tatctttgag 8700
acctcgtgte ttgaaacgat ggaggttgtt cagcaaacac gagtggacaa gctgacacaa 8760
ggccgacaga cctatgactg gactctaaat aggaaccagc ctgctgcaac agcattggece 8820
aacacaatag aagtgttcag atcaaatggc ctcacggcca atgaatctgg aaggctcata 8880
gacttcctta aggatgtaat ggagtcaatg aacaaagaag aaatggagat cacaactcat 8940
tttcagagaa agagacgagt gagagacaat atgactaaga aaatggtgac acagagaaca 9000
ataggtaaaa ggaagcagag attgaacaaa aggagttatc taattagggc attaaccctg 9060
aacacaatga ccaaagatgc tgagagaggg aagctaaaac ggagagcaat tgcaacccca 9120
gggatgcaaa taagggggtt tgtatacttt gttgagacac tagcaaggag tatatgtgag 9180
aaacttgaac aatcaggatt gccagttgga ggcaatgaga agaaagcaaa gttggcaaat 9240
gttgtaagga agatgatgac caattctcag gacactgaaa tttctttcac catcactgga 9300
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gataacacca aatggaacga aaatcagaac cctcggatgt ttttggccat gatcacatat 9360
ataaccagaa atcagcccga atggttcaga aatgttctaa gtattgctcce aataatgttce 9420
tcaaacaaaa tggcgagact gggaaagggg tacatgtttg agagcaagag tatgaaaatt 9480
agaactcaaa tacctgcaga aatgctagca agcatcgatt tgaaatactt caatgattca 9540
actagaaaga agattgaaaa aatccggccg ctcecttaatag atgggactgce atcattgagce 9600
cctggaatga tgatgggcat gttcaatatg ttaagtactg tattaggcgt ctccatcctg 9660
aatcttggac aaaagagaca caccaagact acttactggt gggatggtct tcaatcttct 9720
gatgattttg ctctgattgt gaatgcaccc aatcatgaag ggattcaagc cggagtcaac 9780
aggttttatc gaacctgtaa gctacttgga attaatatga gcaagaaaaa gtcttacata 9840
aacagaacag gtacatttga attcacaagt tttttctatc gttatgggtt tgttgccaat 9900
ttcagcatgg agcttcccag ctttggggtg tctgggatca acgagtctge ggacatgagt 9960
attggagtta ctgtcatcaa aaacaatatg ataaacaatg atcttggtcc agcaaccget 10020
caaatggccce ttcagctgtt catcaaagat tacaggtaca cgtaccggtg ccatagaggt 10080
gacacacaaa tacaaacccg aagatcattt gaaataaaga aactgtggga gcaaacccat 10140
tccaaagetg gactgctggt ctccgacgga ggcccaaatt tatacaacat tagaaatctce 10200
cacattcctg aagtctgctt gaaatgggaa ttaatggatg aggattacca ggggcegttta 10260
tgcaacccac tgaacccatt tgtcaaccat aaagacattg aatcagtgaa caatgcagtg 10320
ataatgccag cacatggtcc agccaaaaac atggagtatg atgctgttgce aacaacacac 10380
tcetggatce ccaaaagaaa tcgatccatc ttgaatacaa gccaaagagg aatacttgaa 10440
gatgaacaaa tgtaccaaaa gtgctgcaac ttatttgaaa aattcttccc cagcagttca 10500
tacagaagac cagtcgggat atccagtatg gtggaggcta tggtttccag agcccgaatt 10560
gatgcacgaa ttgatttcga atctggaagg ataaagaaag aggagttcac tgagatcatg 10620
aagatctgtt ccaccattga agagctcaga cggcaaaaat agtgaattta gcttgtcctt 10680
catgaaaaaa tgccttgttt ctactacaga cgaacatata aggcatccga aaaaaacgtt 10740
ctagtcceccat aggcgccgac taccggcagce ggctccgacg gcagccgagg tttacctcga 10800
cgtaactgga ggtacaaaat tacagcgacg cctctggcag ctceccggaget gtagegeccce 10860
cceccacage cagagcggcec aagacaatcce gaaacggggt agacctggac geggatcgca 10920
agccgececcg gcagcgacct ctagecgecg ccgcggagag cgcgagacgg tagcacccgg 10980
gtagaccgtt ccgeccgttte cgagacgccc cggcagcgac ccctageccgce cgecgcecgeg 11040
gagagaccga gccggacggt gcccgceceggg accaggtaga ccgttcecgece gtgecccage 11100
cacctcegeg aagcgaccga aagggcgaat tctgcagaaa gcttaagttt aaaccgctga 11160
tcagcctega ctgtgectte tagttgccag ccatctgttg tttgcccecte cecccgtgect 11220
tcettgacce tggaaggtgce cactcccact gtcecctttect aataaaatga ggaaattgca 11280
tcgcattgte tgagtaggtg tcattcectatt ctggggggtyg gggtggggca ggacagcaag 11340
ggggaggatt gggaagacaa tagcaggcat gctggggatg cggtgggctc tatggcecctge 11400
agggtgtcge ccggagtact ggtcgacctce cgaagttggg ggggagcaaa agcaggtaga 11460
tattgaaaga tgagtcttct aaccgaggtc gaaacgtacg ttctcectctat cgtcecegtca 11520
ggcceccteca aageccgagat cgcacagaga cttgaagatg tcectttgcagg gaagaacacc 11580
gatcttgagg ttctcatgga atggctaaag acaagaccaa tcctgtcacc tctgactaag 11640
gggattttag gatttgtgtt cacgctcacc gtgcccagtg agcggggact gcagcgtaga 11700
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cgctttgtce aaaatgctcect taatgggaac ggagatccaa ataacatgga caaagcagtt 11760
aaactgtata ggaagcttaa gagggagata acattccatg gggccaaaga aatagcactc 11820
agttattctg ctggtgcact tgccagttgt atgggcctca tatacaacag gatggggget 11880
gtgaccactg aagtggcatt tggcctggta tgcgcaacct gtgaacagat tgctgactcce 11940
cagcatcggt ctcataggca aatggtgaca acaaccaatc cactaatcag acatgagaac 12000
agaatggttc tagccagcac tacagctaag gctatggagce aaatggctgg atcgagtgag 12060
caagcagcag aggccatgga tattgctagt caggccaggce aaatggtgca ggcgatgaga 12120
accgttggga ctcatcctag ctccagtgct ggtctaaaag atgatcttcect tgaaaatttg 12180
caggcctatc agaaacgaat gggggtgcag atgcaacgat tcaagtgatc ctctegtcat 12240
tgcagcaaat atcattggaa tcttgcactt gatattgtgg attcttgatc gtcecttttttt 12300
caaatgcatt tatcgtcgct ttaaatacgg tttgaaaaga gggccttcta cggaaggagt 12360
gccagagtet atgagggaag aatatcgaaa ggaacagcag aatgctgtgg atgttgacga 12420
tggtcatttt gtcaacatag agctggagta aaaaactacc ttgtttctac tacagacgaa 12480
catataaggc atccgaaaaa aacgttctag tcccatagge gccgactacce ggcagegget 12540
ccgacggcag ccgaggttta cctcgacgta actggaggta caaaattaca gcgacgccte 12600
tggcagctce ggagctgtag cgcccccccee cacagccaga gcggccaaga caatccgaaa 12660
cggggtagac ctggacgcgg atcgcaagcc gccccggcag cgacctctag ccgcegecge 12720
ggagagcgceg agacggtagce acccgggtag accgttceccge cgtttcecgag acgecccecgge 12780
agcgacccct agccgcecgece gecgcecggaga gaccgagecg gacggtgcece gecgggacca 12840
ggtagaccgt tccgecgtge cccagccacce tccgcgaage gaccgaggta ccgttgacat 12900
tgattattga ctagttatta atagtaatca attacggggt cattagttca tagcccatat 12960
atggagttcc gecgttacata acttacggta aatggcccge ctggctgacc geccaacgac 13020
ccecgeccat tgacgtcaat aatgacgtat gttcccatag taacgccaat agggacttte 13080
cattgacgtc aatgggtgga gtatttacgg taaactgcce acttggcagt acatcaagtg 13140
tatcatatgc caagtacgcc ccctattgac gtcaatgacg gtaaatggcc cgcctggcat 13200
tatgcccagt acatgacctt atgggacttt cctacttgge agtacatcta cgtattagtce 13260
atcgctatta ccatggtgat geggttttgg cagtacatca atgggcgtgg atageggttt 13320
gactcacggg gatttccaag tctceccaccecce attgacgtca atgggagttt gttttggcac 13380
caaaatcaac gggactttcc aaaatgtcgt aacaactccg ccccattgac gcaaatggge 13440
ggtaggcgtyg tacggtggga ggtctatata agcagagctc tctggctaac tagagaaccce 13500
actgcttact ggcttatcga aattaatacg actcactata gggagaccca agctggctag 13560
cgtgtegece ggagtactgg tcgacctcecceg aagttggggg ggagcgaaag caggtactga 13620
ttcaaaatgg aagattttgt gcgacaatgc ttcaatccga tgattgtcga gecttgecggaa 13680
aaggcaatga aagagtatgg agaggacctg aaaatcgaaa caaacaaatt tgcagcaata 13740
tgcactcact tggaagtgtg cttcatgtat tcagattttc acttcatcga tgagcaaggce 13800
gagtcaatag tcgtagaact tggcgatcca aatgcacttt tgaagcacag atttgaaata 13860
atcgagggaa gagatcgcac aatagcctgg acagtaataa acagtatttg caacactaca 13920
ggggctgaga aaccaaagtt tctaccagat ttgtatgatt acaagaagaa tagattcatc 13980
gaaattggag taacaaggag agaagttcac atatactatc tggaaaaggc caataaaatt 14040
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aaatctgaga agacacacat ccacattttc tcattcactg gggaggaaat ggccacaaag 14100
gccgactaca ctcectcgatga agaaagcagg gctaggatca aaaccaggct attcaccata 14160
agacaagaaa tggctagcag aggcctctgg gattccttte gtcagtccga gagaggcgaa 14220
gagacaattg aagaaagatt tgaaatcaca ggaacaatgc gcaagcttgc cgaccaaagt 14280
ctccecgecaa acttectcecag ccttgaaaaa tttagagect atgtggatgg attcgaaccg 14340
aacggctaca ttgagggcaa gctttcectcaa atgtccaaag aagtaaatgc tagaattgaa 14400
ccttttttga aatcaacacc acgaccactt agacttccgg atgggectcecce ctgttcetcag 14460
cggtccaaat tcctgctgat ggatgcectta aaattaagca ttgaggaccce aagtcatgag 14520
ggagagggga taccgctata tgatgcaatc aaatgcatga gaacattctt tggatggaag 14580
gaacccaatg ttgttaaacc acacgaaaag ggaataaatc caaattatct tctgtcatgg 14640
aagcaagtac tggcagaact gcaggacatt gagaatgagg agaaaattcc aaggactaaa 14700
aatatgaaga aaacgagtca gttaaagtgg gcacttggtg agaacatggc accagaaaag 14760
gtagactttg acgattgtaa agatgtaggc gatttgaagc aatatgatag tgatgaacca 14820
gaattgaggt cgcttgcaag ttggattcag aatgagttca acaaggcatg tgaactgacc 14880
gattcaagct ggatagagct cgatgagatt ggagaagatg cggctccaat tgaacacatt 14940
gcaagcatga gaaggaatta tttcacagca gaggtgtctc attgcagagc cacagaatac 15000
ataatgaagg gggtgtacat caatactgcc ttgcttaatg catcctgtge agcaatggat 15060
gatttccaat taattccaat gataagcaag tgtagaacta aggagggaag gcgaaagacc 15120
aatttgtacg gtttcatcat aaaaggaaga tcccacttaa ggaatgacac cgatgtggta 15180
aactttgtga gcatggagtt ttccctcact gacccaagac ttgaaccaca caaatgggag 15240
aagtactgtg ttcttgaggt aggagatatg cttctaagaa gtgccatagg ccatgtgtca 15300
aggcctatgt tcecttgtatgt gaggacaaat ggaacctcaa aaattaaaat gaaatggggg 15360
atggaaatga ggcgttgcct ccttcagtca cttcaacaaa tcgagagtat gattgaaget 15420
gagtcctetyg tcaaggagaa agacatgacc aaagagttct ttgaaaacaa atcagaaaca 15480
tggccegttyg gagagtccece caaaggagtg gaggaaggtt ccattgggaa ggtctgcaga 15540
actttattgg caaagtcggt attcaacagc ttgtatgcat ctccacaact agaaggattt 15600
tcagctgaat caagaaaact gcttcttatce gttcaggcte ttagggacaa cctggaacct 15660
gggacctttg atcttggggg gctatatgaa gcaattgagg agtgcctgat taatgatcce 15720
tgggttttge ttaatgcttc ttggttcaac tccttcectca cacatgcatt gagatagttg 15780
tggcaatgct actatttgct atccatactg tccaaaaaag taccttgttt ctactacaga 15840
cgaacatata aggcatccga aaaaaacgtt ctagtcccat aggcgccgac taccggcage 15900
ggcteccgacyg gcagccgagg tttacctcga cgtaactgga ggtacaaaat tacagcgacg 15960
cctetggcag cteccggaget gtagecgecce cccccacage cagagcggcece aagacaatce 16020
gaaacggggt agacctggac gcggatcgca agccgcecceg gcagcgacct ctageccgecg 16080
ccgcggagag cgcgagacgg tagcacccgg gtagaccgtt cecgecgttte cgagacgcce 16140
cggcagcgac ccctagcege cgccgecgceg gagagaccga gccggacggt geccgecggg 16200
accaggtaga ccgttccgec gtgccccage cacctceegceg aagcgaccga aagggcgaat 16260
tctgcagaaa gcttaagttt aaaccgctga tcagcecctcecga ctgtgectte tagttgccag 16320
ccatctgttg tttgccceecte ccccgtgect tecttgacce tggaaggtge cactceccact 16380

gtcectttect aataaaatga ggaaattgca tcgcattgte tgagtaggtg tcattctatt 16440
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ctggggggtyg gggtggggca ggacagcaag ggggaggatt gggaagacaa tagcaggcat 16500
gctggggatyg cggtgggcte tatggttaat taagtgtcge ccggagtact ggtcgaccte 16560
cgaagttggg ggggagcgaa agcaggagtt taaatgaatc caaaccagaa aataataacc 16620
attgggtcaa tctgtatggt agtcggaata attagcctaa tattgcaaat aggaaatata 16680
atctcaatat ggattagcca ttcaattcaa accggaaatc aaaaccatac tggaatatgce 16740
aaccaaggca gcattaccta taaagttgtt gctgggcagg actcaacttc agtgatatta 16800
accggcaatt catctctttg tecccatccegt gggtgggcta tacacagcaa agacaatggce 16860
ataagaattg gttccaaagg agacgttttt gtcataagag agccttttat ttcatgttct 16920
cacttggaat gcaggacctt ttttctgact caaggcgcct tactgaatga caagcattca 16980
agggggacct ttaaggacag aagcccttat agggccttaa tgagctgccce tgtcggtgaa 17040
gcteegtecee cgtacaattce aaggtttgaa tcggttgctt ggtcagcaag tgcatgtcat 17100
gatggaatgg gctggctaac aatcggaatt tctggtccag atgatggagc agtggctgta 17160
ttaaaataca accgcataat aactgaaacc ataaaaagtt ggaggaagaa tatattgaga 17220
acacaagagt ctgaatgtac ctgtgtaaat ggttcatgtt ttaccataat gaccgatggce 17280
ccaagtgatg ggctggcctce gtacaaaatt ttcaagatcg agaaggggaa ggttactaaa 17340
tcgatagagt tgaatgcacc taattctcac tacgaggaat gttcctgtta ccctgatacce 17400
ggcaaagtga tgtgtgtgtg cagagacaat tggcacggtt cgaaccgacc atgggtgtcc 17460
ttcgaccaaa acctagatta taaaatagga tacatctgca gtggggtttt cggtgacaac 17520
ccgegtecca aagatggaac aggcagctgt ggcccagtgt ctgctgatgg agcaaacgga 17580
gtaaagggat tttcatataa gtatggcaat ggtgtttgga taggaaggac taaaagtgac 17640
agttccagac atgggtttga gatgatttgg gatcctaatg gatggacaga gactgatagt 17700
aggttctcta tgagacaaga tgttgtggca ataactaatc ggtcagggta cagcggaagt 17760
ttegttcaac atcctgaget aacagggcta gactgtatga ggecttgcett ctgggttgaa 17820
ttaatcaggg ggctacctga ggaggacgca atctggacta gtgggagcat catttetttt 17880
tgtggtgtga atagtgatac tgtagattgg tcttggccag acggtgctga gttgcegtte 17940
accattgaca agtagtttgt tcaaaaaact ccttgtttct actacagacg aacatataag 18000
gcatccgaaa aaaacgttct agtcccatag gecgccgacta ccggcagegg ctecgacgge 18060
agccgaggtt tacctcgacg taactggagg tacaaaatta cagcgacgcc tctggcaget 18120
ccggagetgt agcgecccece cccacagceca gagcggcecaa gacaatccga aacggggtag 18180
acctggacgce ggatcgcaag ccgcccecgge agcgacctcet agecgecgece gecggagageg 18240
cgagacggta gcacccgggt agaccgttcece gcecgtttecg agacgceccccg gcagcgacce 18300
ctagcecgecg cegcecgcecgga gagaccgagce cggacggtge ccgcecgggac caggtagacce 18360
gttcegecegt gecccagceca cctecgcecgaa gcgaccgagg gceccgttgac attgattatt 18420
gactagttat taatagtaat caattacggg gtcattagtt catagcccat atatggagtt 18480
ccgcgttaca taacttacgg taaatggccce gcctggetga ccgcccaacg accceegece 18540
attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg 18600
tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat 18660
gccaagtacg ccccectattg acgtcaatga cggtaaatgg cccgcectggce attatgceccca 18720
gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat 18780
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taccatggtg atgcggtttt ggcagtacat caatgggcgt ggatagcggt ttgactcacg 18840
gggatttcca agtctccace ccattgacgt caatgggagt ttgttttggc accaaaatca 18900
acgggacttt ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg gcggtaggceg 18960
tgtacggtgg gaggtctata taagcagagc tctcectggcta actagagaac ccactgctta 19020
ctggcttatc gaaattaata cgactcacta tagggagacc caagctggct agcgtgtcge 19080
ccggagtact ggtcgaccte cgaagttggg ggggagcaaa agcagggtag ataatcactce 19140
acagagtgac atcgaaatca tggcgaccaa aggcaccaaa cgatcttacg aacagatgga 19200
gactgatgga gaacgccaga atgccactga aatcagagca tctgtcggaa aaatgattga 19260
tggaattgga cgattctaca tccaaatgtg caccgaactt aaactcagtg attatgaggg 19320
acggctgatt cagaacagct taacaataga gagaatggtg ctctcectgctt ttgacgagag 19380
gaggaataaa tatctagaag aacatcccag tgcggggaaa gatcctaaga aaactggagg 19440
acctatatac aggagagtag atggaaagtg gaggagagaa ctcatccttt atgacaaaga 19500
agaaataaga cgaatctggc gccaagctaa taatggtgac gatgcaacgg ctggtctgac 19560
tcacatgatg atctggcact ccaatttgaa tgatgcaact taccagagga caagagctct 19620
tgttcgcaca ggaatggatc ccaggatgtg ctcactgatg cagggttcaa ccctecectag 19680
gaggtctggg gccgcaggtg ctgcagtcaa aggagttgga acaatggtga tggaattgat 19740
cagaatgatc aaacgtggga tcaatgatcg gaacttctgg aggggtgaga atggacggag 19800
aacaaggatt gcttatgaaa gaatgtgcaa cattctcaaa gggaaatttc aaacagctgce 19860
acaaagaaca atggtggatc aagtgagaga gagccggaat ccaggaaatg ctgagttcga 19920
agatctcatc tttttagcac ggtctgcact catattgaga gggtcagttg ctcacaagtc 19980
ctgcctgect gectgtgtgt atggatctge cgtagccagt ggatacgact ttgaaagaga 20040
gggatactct ctagtcggaa tagacccttt cagactgctt caaaacagcc aagtatacag 20100
cctaatcaga ccaaatgaga atccagcaca caagagtcaa ctggtgtgga tggcatgcca 20160
ttectgctgca tttgaagatc taagagtatc aagcttcatce agagggacga aagtggtccce 20220
aagagggaag ctttccacta gaggagttca aattgcttcce aatgaaaaca tggagactat 20280
ggaatcaagt acccttgaac tgagaagcag atactgggcec ataaggacca gaagtggagg 20340
gaacaccaat caacagaggg cttcctcecggg ccaaatcagce atacaaccta cgttctcagt 20400
acagagaaat ctcccttttg acagaccaac cattatggca gcattcactg ggaatacaga 20460
ggggagaaca tctgacatga gaaccgaaat cataaggctg atggaaagtg caagaccaga 20520
agatgtgtct ttccaggggc ggggagtctt cgagctctcecg gacgaaaagg caacgagccce 20580
gatcgtgeccece tcectttgaca tgagtaatga aggatcttat ttcecttcggag acaatgcaga 20640
ggagtacgac aattaaagaa aaataccctt gtttctacta cagacgaaca tataaggcat 20700
ccgaaaaaaa cgttctagtc ccataggcgce cgactaccgg cagcggctcece gacggcagece 20760
gaggtttacc tcgacgtaac tggaggtaca aaattacagc gacgcctctg gcagctccecgg 20820
agctgtagecg ccccecccecca cagccagagce ggccaagaca atccgaaacg gggtagacct 20880
ggacgcggat cgcaagccgce ccceggcagceg acctctagec gecgcecgegg agagcegcgag 20940
acggtagcac ccgggtagac cgttccegecg tttecgagac gccccggcag cgaccectag 21000
ccgccgecge cgcggagaga ccgagecgga cggtgccecge cgggaccagg tagaccgtte 21060
cgeccgtgecce cagccaccte cgcgaagcga ccgaaagggce gaattctgca gaaagcettaa 21120
gtttaaaccg ctgatcagce tcgactgtge cttctagttg ccagccatct gttgtttgee 21180
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ccteceeeecgt gecttecttyg accctggaag gtgccactcece cactgtcectt tectaataaa 21240
atgaggaaat tgcatcgcat tgtctgagta ggtgtcattce tattctgggg ggtggggtgg 21300
ggcaggacag caagggggag gattgggaag acaatagcag gcatgctggg gatgcggtgg 21360
gctctatgge acttacacta acacgtggtg tcgcccggag tactggtcga cctecgaagt 21420
tgggggggag caaaagcagg ggaaaataaa aacaaccaaa atgaaggcaa aactactggt 21480
cctgttatat gcatttgtag ctacagatgc agacacaata tgtataggct accatgcgaa 21540
caactcaacc gacactgttg acacaatact cgagaagaat gtggcagtga cacattctgt 21600
taacctgctc gaagacagcc acaacgggaa actatgtaaa ttaaaaggaa tagccccact 21660
acaattgggg aaatgtaaca tcaccggatg gctcttggga aatccagaat gcgactcact 21720
gcttecageg agatcatggt cctacattgt agaaacacca aactctgaga atggagcatg 21780
ttatccagga gatctcatcg actatgagga actgagggag caattgagct cagtatcatc 21840
attagaaaga ttcgaaatat ttcccaagga aagttcatgg cccaaccaca cattcaacgg 21900
agtaacagta tcatgctccc ataggggaaa aagcagtttt tacagaaatt tgctatgget 21960
gacgaagaag ggggattcat acccaaagct gaccaattcc tatgtgaaca ataaagggaa 22020
agaagtcctt gtactatggg gtgttcatca cccgtctage agtgatgagce aacagagtct 22080
ctatagtaat ggaaatgctt atgtctctgt agcgtcttca aattataaca ggagattcac 22140
ccecggaaata gcectgcaaggce ccaaagtaag agatcaacat gggaggatga actattactg 22200
gaccttgcta gaacccggag acacaataat atttgaggca actggtaatc taatagcacc 22260
atggtatgct ttcgcactga gtagagggtt tgagtccgge atcatcacct caaacgcgte 22320
aatgcatgag tgtaacacga agtgtcaaac accccaggga gctataaaca gcaatctcce 22380
tttccagaat atacacccag tcacaatagg agagtgccca aaatatgtca ggagtaccaa 22440
attgaggatg gttacaggac taagaaacat cccatccatt caatacagag gtctatttgg 22500
agccattget ggttttattg aggggggatg gactggaatg atagatggat ggtatggtta 22560
tcatcatcag aatgaacagg gatcaggcta tgcagcggat caaaaaagca cacaaaatgc 22620
cattaacggg attacaaaca aggtgaactc tgttatcgag aaaatgaaca ctcaattcac 22680
agctgtgggt aaagaattca acaacttaga aaaaaggatg gaaaatttaa ataaaaaagt 22740
tgatgatggg tttctggaca tttggacata taatgcagaa ttgttagttc tactggaaaa 22800
tgaaaggact ttggatttcc atgacttaaa tgtgaagaat ctgtacgaga aagtaaaaag 22860
ccaattaaag aataatgcca aagaaatcgg aaatgggtgt tttgagttct accacaagtg 22920
tgacaatgaa tgcatggaaa gtgtaagaaa tgggacttat gattatccaa aatattcaga 22980
agaatcaaag ttgaacaggg aaaagataga tggagtgaaa ttggaatcaa tgggggtgta 23040
tcagattctg gcgatctact caactgtcge cagttcactg gtgettttgg tectcecectggg 23100
ggcaatcagt ttctggatgt gttctaatgg gtctttgcag tgcagaatat gcatctgaga 23160
ttaggatttc agaaatataa ggaaaaacac ccttgtttct actacagacg aacatataag 23220
gcatccgaaa aaaacgttct agtcccatag gecgccgacta ccggcagegg ctecgacgge 23280
agccgaggtt tacctcgacg taactggagg tacaaaatta cagcgacgcc tctggcaget 23340
ccggagetgt agcgecccece cccacagceca gagcggccaa gacaatccga aacggggtag 23400
acctggacgce ggatcgcaag ccgcccecgge agcgacctcet agecgecgece geggagagceg 23460
cgagacggta gcacccgggt agaccgttcece gcecgtttecg agacgceccccg gcagcgacce 23520
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ctagccgecg cegcecgcegga gagaccgagce cggacggtge ccgcecgggac caggtagacce 23580
gttcegecegt gecccagceca cctecgegaa gcgaccga 23618
<210> SEQ ID NO 61

<211> LENGTH: 482

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: GALLUS GALLUS and MUS MUSCULUS

<400> SEQUENCE: 61

tecggtegett cgcggaggtyg getggggeac ggcggaacgyg tcetacctggt cccggeggge 60

accgteegge teggtetete cgeggeggeg geggetaggg gtegetgecg gggegteteg 120

gaaacggcegg aacggtctac cegggtgeta cegtetegeg cteteegegyg cggeggetag 180
aggtcgetge cggggegget tgcgatcege gtecaggtet accecgttte ggattgtett 240

ggcegetetyg getgtggggg ggggcegcetac agetccggag ctgccagagyg cgtegetgta 300

attttgtace tccagttacg tcgaggtaaa ccteggetge cgteggagece getgecggta 360
gteggegect atgggactag aacgtttttt tcggatgect tatatgtteg tetgtaggag 420
caggtggtac cacctgctge tcccccecaa ctteggaggt cgaccagtac teegggegac 480
ac 482
What is claimed is: 30 2. A method for the production of influenza virus in a

eukaryotic cell, the method comprising introducing the

1. A nucleic acid expression vector selected from the group p ' - ) ; .
nucleic acid expression vector of claim 1 into the eukaryotic

consisting of a plasmid vector having the sequence of SEQ ID
NO:60 and the plasmid vector of SEQ ID NO:60 further cell. . . .. ..
comprising at least one DNA nuclear targeting sequence that 3.4 l?actenum, the be}ctenum comprising the nucleic acid
facilitates nuclear import of the nucleic acid expression vec- expression vector of claim 1.

tor. * ok % k%



